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Abstract
The Multi-Dimensional Logarithmic Number System (MDLNS), with similar properties 
to the Logarithmic Number System (LNS), provides more degrees o f freedom than the 
LNS by virtue of having two or more orthogonal bases and the ability to use multiple 
digits.
Unlike the LNS there is no direct functional relationship between binary/floating point 
representation and the MDLNS representation. Traditionally look-up tables (LUTs) were 
used to move from the binary domain to the MDLNS domain. This method could be 
unrealistic for hardware implementation when large binary ranges or multiple digits were 
used. The lack of this direct relationship also complicated the addition and subtraction 
operations in MDLNS. Again LUTs were used to perform these operations but they could 
become unrealistically large when multiple digits or large index ranges were used.
The work presented in this thesis describes efficient techniques for implementing difficult 
MDLNS operations such as binary to MDLNS conversion as well as addition and 
subtraction. These techniques require the use of a new memory device with range 
addressing capabilities, a RALUT (range addressable look-up table). The RALUT reduces 
the exponential complexity associated with the traditional use of potentially large LUTs 
by physically removing redundant hardware used to store the MDLNS conversion, 
addition, and subtraction information.
Other significant MDLNS improvements such as choosing efficient and optimal bases, the 
one-bit sign architecture, and single-digit MDLNS RALUT reduction are also discussed. 
These improvements are shown to reduce the hardware implementation and improve 
performance without sacrificing any o f the MDLNS accuracy.
iv
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The field of digital signal processing has experienced tremendous 
growth over the last three decades primarily due to dramatic 
improvements in integrated circuits (IC) process technology. Very 
complex architectures can be cost effectively implemented but at 
the same time the design complexity to achieve high-speed 
performance, area efficiency, low power and reliability becomes a 
major challenge. The fundamental limitation to implementing 
highly complex structures, is the cost o f interconnection relative to 
logic and storage. Interconnection is expensive in terms of chip area 
as most of the chip is covered with wires on several levels with 
transistor switches rarely taking more than five percent o f this area 
on the lowest level. When it comes to performance, interconnection 
is expensive in delay where non zero resistance o f wires, together 
with the parasitic distributed capacitance, imposes a delay in the 
wire itself. This is becoming increasingly significant with smaller 
geometries in deep sub-micron process technologies. Computer 
Aided Design (CAD) tools are not configured to properly 
compensate for these physical delays as the tools would have to be 
completely rewritten and verified. It is becoming common in the IC 
industry to use “worst case” models and more stringent
Introduction Introduction
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specifications to ensure that timing requirements of the designs are met. Most o f these 
CAD tools are used simply because they are mature products that have excellent track 
records of creating functional designs. It takes many years of use for a new tool to gain 
acceptance by the integrated circuit industry.
Process technology scaling is reaching a point of diminishing returns primarily due to the 
physical problems and software limitations when implementing a design. Many 
techniques are being pursued to find ways to further increase chip packaging densities. In 
the area o f digital signal processing considerable demand exists for compact, high speed 
real time digital filters for use in high frequency communications and image processing. 
However, available real-time digital filters are often too slow, too costly, too complex or 
require too much power. The dynamic power supplied to the chip, and dissipated in the 
circuit is a combination of the parasitic capacitance and switching activity of the 
interconnect wires and the transistor gates. Thus both the cost and performance metrics of 
integrated circuits favour architectures in which gates and interconnect are reduced and 
localized. In the past two decades the attention of some researchers has been directed to 
techniques for designing high speed digital filters making use o f alternative number 
representations, or coding, schemes, compared to the traditional binary number system. A 
frequently cited example is the use o f the Logarithmic Number System (LNS) as it 
simplifies the difficult multiplication, division and exponentiation operations. A recently 
introduced number system, the Multi-Dimensional Logarithmic Number System 
(MDLNS), has similar properties to the LNS but promises greater reductions in hardware 
and interconnect complexity. This thesis explores the MDLNS in terms o f the potential 
efficiencies for deep sub-micron VLSI implementation.
1.2 The Logarithmic Number System (LNS)
The logarithmic number system (LNS) [12][25][26] is an alternative to the binary 
representation and it has been a subject of considerable investigation over several decades 
[1][19], particularly in the field of DSP [ 11 ][ 14], where the computation of inner (dot) 
products is a major computational requirement.
Introduction The Logarithmic Num ber System (LNS)
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A logarithmic representation, a , of the number, x , is given by the relationship in Equation 
(1.1), where 5 is the sign of the number.
In the LNS, multiplication and division are easy operations, whereas addition and 
subtraction are difficult operations, and have been traditionally implemented by making 
use of large lookup tables (LUTs) or ROM arrays [15] [2].
1.3 Index Calculus Double Base Number System 
(IDBNS)
A logarithmic-like representation, referred to as the index calculus double base number 
system (IDBNS), was recently introduced [4] that promises implementation improvements 
over the LNS while maintaining a logarithmic quantization distribution. The basic form of 
the IDBNS is given in Equation (1.2) where a and b are the exponents of the 2 bases, 2 
and 3. A number in the IDBNS is represented as the tuple, {s, a, b } .
There have been several papers published on special results from this number 
representation [23][9][5] some of which are preliminary works o f this thesis [21][22], As 
with the LNS, the IDBNS multiplication and division operations are easy, while addition 
and subtraction are difficult. The process of mapping binary representations to the IDBNS 
is also difficult as there is no direct mapping from the binary representation to the index 
representation o f the IDBNS, as there is in the LNS.
1.4 Multi-Dimensional Logarithmic Number Systems 
(MDLNS)
The IDBNS can be generalized in both multiple dimensions (multiple bases) and multiple
X  — S - 2 ( 1 .1 )
Clx = s - 2 *3 (1.2)
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digits, as shown in Equation (1.3), where the bases are generalized to { p l , p 2, . . . , pb} 
where p x = 2 , and there are n digits.
n b
x =
i = i  j =  i
By adopting both of these generalizations, large reductions in hardware complexity are 
achievable compared to an equivalent precision logarithmic number system [3], The 
MDLNS provides more degrees of freedom than the LNS by virtue o f the orthogonal 
bases and the ability to gain from the use of multiple digits. However, these extra degrees 
of freedom from the orthogonal bases introduce new complexities in the binary conversion 
and addition/subtraction processes. The LNS solutions for these processes are not 
applicable to the MDLNS. Until now, only techniques using large LUTs have been 
available to perform these operations.
1.5 Thesis Objectives
The work presented in this thesis has three objectives:
1. to investigate new, and efficient, algorithms for the implementation of the difficult 
operations of conversion, addition and subtraction, in the multi-dimensional logarith­
mic number system;
2. to reduce the exponential complexity associated with the current use of potentially 
large LUTs for difficult MDLNS operations;
3. to demonstrate the efficacy and efficiency of these new algorithms by designing and 
fabricating custom integrated circuits for targeted applications in digital signal pro­
cessing.
One of the difficult operations referred to here is the mapping of binary values to an
Introduction Thesis Objectives
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MDLNS representation. Traditionally the binary value is used as a reference to a LUT 
which contains the MDLNS representation of that binary value. Here the LUT size is 
exponentially related to the dynamic range of the largest binary value. The other difficult 
operations of addition and subtraction both use a LUT referenced by the difference o f two 
operands to determine a non-linear multiplying factor. Here the LUT sizes are 
exponentially related to the sum of the dynamic ranges for the non base 2 indices. The 
costs of implementing these LUTs changes exponentially with the dynamic range o f the 
MDLNS representation.
1.6 Thesis Organization
The organization of this thesis, following this introduction, contains Chapter 2, which 
covers background material on DBNS and MDLNS representations, including basic 
theorems and a few prior conjectures which we will disprove in later chapters. Chapter 3 
details the building blocks for converting binary to single-digit 2DLNS using a new 
memory device. We also use these building blocks to derive three hardware efficient 
methods for binary to multi-digit 2DLNS conversion. These techniques are shown to be 
extendable to the general MDLNS representation. Chapter 4 covers the process used to 
perform addition and subtraction in single-digit 2DLNS using a single indexing system. 
These processes may be extended to n -digit 2DLNS, however extension o f these 
techniques to MDLNS remain to be discovered. Chapter 5 details simple modifications to 
the MDLNS which can reduce resources and improve the accuracy without changing the 
complexity of the system. Methods for table reduction for single-digit 2DLNS are also 
covered. Chapter 6 explores previous DBNS/MDLNS designs and details a new, improved 
design, which uses the work developed in this thesis. Chapter 7 concludes this thesis and 
provides recommendations for future work.
Introduction Thesis Organization






The LNS [12][25] [26] is an alternative to the classical binary 
representation and it has been the subject of some investigation 
[1][19], particularly in the field of DSP [11][14], where the 
computation of inner (dot) products is a major computational step. 
In the LNS, multiplication and division are easy operations, 
whereas addition and subtraction are difficult operations, 
traditionally implemented by using large ROM arrays. Inner 
products computed in DSP algorithms are often between a 
predetermined set o f coefficients (e.g., FIR filters or discrete 
transform basis functions) and integer data. For fixed point binary 
implementations, the uniform quantization properties (a constant 
error bound over all mapped input values) are perfectly matched to 
the mapping of most input data (the mapping of input data for non­
linear hearing instrument processing is a counter-example), but 
often the predetermined coefficients are better suited to a non- 
uniform quantization mapping. A study of a large number o f filter 
designs reveals a histogram that benefits from the quantization 
associated with a logarithmic mapping [24]. A logarithmic-like 
representation, multi-dimensional logarithmic number system 
(MDLNS), was recently introduced [6] that promises
MDLNS Background Theory Introduction
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implementation improvements over the LNS while maintaining a logarithmic quantization 
distribution [3].
2.2 Representation
The MDLNS representation of a number differs somewhat from the traditional fixed radix 




i =  0
where N  is the number of digits, mj e  {0, 1, r  -  1}, i is an integer and r is the radix. 
For example in the decimal system r = 10, and in the binary system r = 2.
In the Logarithmic Number System (LNS) a number is represented by:
x = s - 2 a (2.2)
where a is an arbitrary real number and s e  ( - 1 ,0 ,  1}.
We can build upon some well-established results on s -integers before defining a multi­
dimensional logarithmic number system [27]. We start with two basic definitions.
Definition 1: An s -integer is a number whose largest prime factor does not exceed the 
.s' -th prime number.
For example, non-negative powers o f two are 1-integers; numbers of the form 2a ■ 3b 
(where a and b are non-negative integers) are 2-integers and so on.
MDLNS Background Theory Representation
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a bDefinition 2 : Modified 2-integers are numbers of the form 2 ■ p  , where p  is an odd 
prime.
Note that we do not impose restrictions on the sign of a and b in Definition 2.
Definition 3 : A representation o f the real number, x , in the form:
n b
x = J J s i U p e/
*■ =  1 j  =  1
where s t e  ( - 1 ,0 ,  1} and pj ,  are integers, is called a multi-dimensional n -digit 
logarithmic (MDLNS) representation of x where b is the number o f bases used (at least 
two) the first one, that is, p { will always be assumed to be 2. The next two definitions are 
special cases o f Definition 3.
Definition 4 : An approximation o f a real number x as a signed modified 2-integer 
5 ■ 2° ■ p b , is called a two-dimensional logarithmic representation of x .
Definition 5: An approximation o f a real number x as a sum of signed modified 2-integers
n
^  .s'. • 2a' ■ p '  is called an n -digit two-dimensional logarithmic representation of x
i =  1
(2DLNS). The binary number system is a subset o f MDLNS if  bt = 0 for all /. If  p  = 3
n
then x = ^  s t ■ 2°' ■ 3b‘. In this form the number is represented by the sign and the
i =  1
exponents. The exponent on the base o f 2 is called the binary exponent, and the exponent 
on the base of 3 is called the ternary exponent. We will use a triple {A(, a{, b(} to represent
MDLNS Background Theory Representation
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x . If we fix the binary and ternary exponent to a signed, fixed length representation, we 
can represent any real number to arbitrary precision. We use this kind of 2DLNS 
representation as an example to illustrate some characteristics of MDLNS.
For single-digit representation of the form:
where s e { -1 , 0, 1} and a,  b are signed integers. In this case we have the following 
theorem [4],
Theorem 1: For every e > 0 and every non-negative real number x , there exist a pair of 
integers a and b , such that the following inequality holds:
We may therefore approximate, to arbitrary precision, every real number with the triple 
{s, a, b}  . We may look at this representation as a two-dimensional generalization of the 
binary logarithmic number representation. The important advantage o f this generalization 
is that the binary and ternary exponents are operated on independently from each other, 
with an attendant reduction in complexity of the implementation hardware. As an 
example, a VLSI architecture for inner product computation with the MDLNS proposed in 
[4] [23], has an area complexity dependent entirely on the dynamic range of the ternary 
exponents. Providing that the range of the ternary exponent is smaller than the LNS 
dynamic range for equivalent precision, then we have the potential for a large reduction in 
the MDLNS hardware compared to that required by the LNS. We can capitalize on this 
potential improvement by placing design constraints on the ternary exponent size. For 
example, if  we want to represent digital filter coefficients in the MDLNS, then we can 
design the coefficients in such a way that the ternary exponent is minimized; an integer 
programming task [9], Although this approach is sound, and can produce modest
MDLNS Background Theory Representation 9
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improvements, generalizing the representation to multi-dimensions and/or multiple digits 
has the potential to bring about very large reductions in hardware complexity o f DSP 
implementations.
It is important to note that an extension of the classical LNS to a multi-digit (or multi- 
component) representation does not provide any inherent advantages in terms of 
complexity reduction. We can show this for the special 2-digit 2-dimensional case with the 
following two theorems.
Theorem 2 : Let x be an integer with the following 2-digit, 2-base logarithmic 
approximation:
x ~ s , - 2  ■ p  + s2 - 2 ■ p (2 .6)
Then for x -  (sj • 2 1 • p  1 + s2 - 2 2 ■ p  2) < 0.5, the dynamic range o f a x, b x, a2 , b2 is
0.5 • log(x) + o (log(x)).
Theorem 3: Let x be an integer with a 2-component LNS representation:
x ~ • 2 1 + s2 ■ 2 (2.7)
Then for x — (sj • 2 1 + s2 • 2 2) <0.5 the dynamic range of / j , l2 is log(x) + o (lo g (x )) .
Our conjecture is that both theorems are generalizable to n -digits. We can see from 
Theorems 2 and 3, that the dynamic range of the exponents is reduced by a factor of 2 for 
the 2DLNS, but for the 2-component LNS system there is no reduction at all. Since we 
will demonstrate that hardware complexity for the MDLNS is exponentially dependent on 
the size of the second base(s) exponent, we clearly have a potential for considerable
MDLNS Background Theory Representation
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hardware reduction providing that the following inequality is met:
max{\b-^, |h2|) < max{\ lx\, |/2|) [3],
2.3 Input Data Mapping
We will start this section using an example of a linear representation using the Double- 
Base Number System [4], DBNS, from which the MDLNS was developed.
Figure 2.1 : A 3-digit DBNS representation of 79






Figure 2.1 shows one of the possible mappings of 79 into the DBNS. The black squares 
represent the location of a digit. The digits used are
2° ■ 3° + 2 1 • 3 1 + 23 • 32 = 1 + 6  + 72 = 79 . The white squares represent the ‘0 ’ digits 
and the black squares represent the ‘ 1 ’ digits. From Figure 2.1, the DBNS is clearly a very 
sparse representation.
If negative exponents are used, the representation of real numbers, with arbitrary 
precision, can be obtained with single digits; in general, however, we can use more than 
one digit. Figure 2.2 shows the representation o f the real number 7.25 using two digits
2 2 • 33 + 2 1 • 3° = 63.75 + 0.5 = 7.25, and an expanded table using signed indices.
From our earlier definition of a MDLNS representation, we see that Figure 2.2 represents 
7.25 using a 2-digit 2DLNS representation ( 1 , - 2 ,  3), ( 1 , - 1 ,  0)  with bases 2 and 3.
MDLNS Background Theory Input Data Mapping
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Note our short-hand for the digit as triples (sign, binary exponent, ternary exponent). 
Figure 2.2 : A 2-digit 2DLNS representation of 7.25











Clearly only a small number of digits are required to represent a number in the 2DLNS. 
For example, the number 103 can be represented, approximately, by the two 2DLNS digits
( 1 , - 2 4 ,  18), (1 , 1 9 , - 8 )  and 2315 can be represented, exactly, by the two digits 
(1 , 0 , 7), (1 , 7 , 0). Since the MDLNS is a redundant number system, most numbers 
will have more than one representation. For example 4.25 has 3 error-free two-digit 
MDLNS representations, while 7.25 has a single unique, error-free, two-digit MDLNS 
representation. It is provable that every real value has a MDLNS representation, but 
realistically the majority will have at most 4 or 5 error-free representations. This 
redundancy can be useful in allowing you to choose the best possible representation for 
your application [8],
2.3.1 Error-Free Representations
As stated in the introduction, most often in DSP applications the input data has to be 
converted from analog to a fixed-point binary value with a uniform quantization error 
bound. Mapping to integers has a quantization error bounded by 0.5 for all converted
MDLNS Background Theory Input Data Mapping
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values. For a classical LNS representation (and also a single-digit MDLNS representation) 
we do not have this uniform quantization accuracy so we have to choose a sufficient 
number of bits so that we will be able to maintain this conversion accuracy for the larger 
data values. In the multi-digit MDLNS we can mitigate this quantization problem; in fact, 
we can find certain MDLNS representations that are completely error-free! [3]
Consider the case of the two odd prime bases, (3, 5) and a restricted the second base 
exponent to 3-bits.
A representation of a real number into forms given in Definition 3 to 5 is called error-free 
if  there is zero approximation error. The next three theorems and one conjecture have 
provided new results about the error-free 2DLNS representation of numbers [3].
Theorem 4 : Every real number, x , may have at most 91 different error-free 2-digit 2DLNS 
representations (proof shown in [3]).
Theorem 5: The smallest positive integer with no error-free 2-digit 2DLNS representation 
in the case o f odd base three is 103.
Theorem 6: The smallest positive integer with no error-free 2-digit 2DLNS representation 
in the case o f odd base five is 43.
The following conjecture is based on extensive numerical calculations.
Conjecture 1: The smallest positive integer with no error-free 3-digit 2DLNS 
representation in the case of odd base three is 4985.
It is important to note that such results will be available (and different) for every particular 
set of bases that we choose. In this case (that is, a 3-digit two-dimensional logarithmic 
representation with odd base three) we see that a 12-bit error-free mapping is available; a
MDLNS Background Theory Input Data Mapping
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useful dynamic range for many DSP applications.
2.3.2 Non Error-Free Representations
Clearly, error-free representations are special cases of the MDLNS, but the extra degree of 
freedom provided by the use of multiple digits can mitigate the non-uniform quantization 
properties of the classical LNS [3],











11 . I.l> 1.1.. 1 *
(2,3)
it i 1
0 100 200 300 400 500
To illustrate this, we present numerical results for mapping 10-bit signed binary input data 
to the 2-digit 2DLNS where we treat the second base as a parameter. In order to 
demonstrate the ability to closely match input data with very small exponents, we have 
restricted the second base exponent to 3-bits. We are allowing the binary exponent to be 
somewhat larger, namely 6-bits, but, as we will see in the next section, this has very little 
bearing on the overall complexity of the inner product implementation (i.e., the hardware 
complexity is mainly driven by the dynamic range o f the second exponents). As stated 
above, we require quantization errors to be less than 0.5 in order to match a binary
MDLNS Background Theory Input Data Mapping
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representation. Figure 2.3 shows the absolute error results for values from 1 to 512 for a 
firstbase of 2 and a secondbase in the set {3, 5, 7, 11, 13, 15, 17, 47}. The scale for each 
graph is between 0.5 and 1 for the absolute error. There are two observations: 1) there are 
very few values in any of the results where the error exceeds 0.5; 2) there appears to be no 
correlation between the density of errors greater than 0.5 and the value of the second base.
For a second-base of 47 we find no errors that exceed 0.5, whereas for integer bases below 
this value we find some error. O f course, we could speculate on the use of real numbers 
rather than integers for the second base, and we have some recent evidence that we can 
indeed reduce the absolute error below 0.5 for small real numbers in the same range (see 
Section 5.3 on page 97).
To compare these results with an implementation using a classical LNS representation, we 
need to determine the number of bits of the logarithm to produce an absolute error of less 
than 0.5. A previous study has found that we require n + log2(n) bits for the logarithm in
order to achieve this accuracy for an n -bit positive number [16]. If  we assume that the 
hardware complexity of the classical LNS representation is driven by the number of bits in 
the logarithm, then we can see a potential for enormous reduction in the implementation 
complexity of the 2-digit 2DLNS versus the classical LNS [3].
2.3.3 Mathematical Operations
A 2DLNS representation provides a triple, (s'-, a{, £>■} , for each digit, where s t is the sign 
bit and a ■, b ■ are the exponents of the binary and non-binary bases. Thus a number, x , can 




MDLNS Background Theory Input Data Mapping 15
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
University o f  W indsor
Multiplication and Division
MDLNS multiplication and division are the simplest of the arithmetic operations. The 
equations for multiplication and division, given a single-digit 2DLNS representation of
The above two equations show that single-digit 2DLNS multiplication can be 
implemented in hardware using two independent binary adders and simple logic for the 
sign correction. As we start to add digits to the representation we will face the equivalent 
of implementing multiplication with the addition o f partial products. A 2-digit 
representation will produce four independent partial products that will have to be added, 
and since addition is an expensive operation we have to deal with this in a special way (see 
Section 6.3 on page 128).
Addition and Subtraction
Unfortunately, as with logarithms, addition and subtraction operations are not as simple as 
multiplication and division operations. Addition and subtraction must be handled through 
a set of identities and look-up tables. The identities are [4]:
The operators 4> and are lookup tables that store the precomputed 2DLNS values of:
x = -K ’ ax’ bx} and y  = {>v’ ar  by}  ’ are
x -y  = { sx - sy, a x + ay, b x + by } 
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<D(x,y) = 1 + 2 X- 3y 
y f a y )  = l - 2 x -3y
(2.13)
(2.14)
The use of large LUTs, implemented through the use of ROMs, for the evaluation of 
addition and subtraction operations is the traditional approach in systems such as the LNS 
[8], This technique is only feasible for very small ranges of 2DLNS numbers. It is more 
practical to convert the 2DLNS numbers to binary and perform the addition and 
subtraction using binary representation.
The conversions from 2DLNS to binary will still require a LUT, but one that is much 
smaller than required for handling 2DLNS addition and subtraction. The LUT is used to 
convert the second base portion of the 2DLNS number into a binary representation. 
Therefore the size o f the LUT is dependent on the number of bits used to represent the 
second base exponent.
Multi-digit MDLNS Arithmetic
Multi-digit MDLNS arithmetic is simply an extension of the single-digit MDLNS 
arithmetic, and is necessary when numbers are represented by more than one MDLNS 
digit. When performing a computation using multi-digit MDLNS each digit can be treated 
as an independent MDLNS number and the operations handled separately. For example, if 
X  and Y are 2-digit MDLNS numbers such that X  = x ( + x2 and Y = y x + y 2 then:
X - Y  = (xl + x 2) ( y l + y 2) = (xj •y 1) + (x1 • y 2) + (x2 • y x) + (x2 ■ y 2) (2.15)
where x- and y t are single-digit MDLNS numbers.
MDLNS Background Theory Input Data Mapping 17
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Example 2.1
Show the 2-digit MDLNS 
(2 5 • 3 ° - 2 °  • 32).
multiplication of 27 (22 • 32 -  2° • 32) and 23
Solution
2 2  0 2  S 0 0 2
(2 • 3 - 2  • 3 ) ■ (2 ■ 3 - 2  • 3 )
= 22 • 32 • 25 • 3° -  22 ■ 32 • 2° • 32 -  2° • 32 • 25 • 3° + 2° • 32 • 2° • 32
_  22 + 5 32 + 0 22 + 0 32 + 2 2° + 5 32 + 0 + 2° + 0 32 + 2
-  2? • 32 -  22 • 34 -  25 • 32 + 2° ■ 34 
= (1152) 10 — (324)10 -  (288 )10 + (81 )10
= (621)10
The independence of the arithmetic operations is very important, as it allows for parallel 
architectures.
2.4 Hardware Complexity
In order to provide complexity results for the MDLNS inner product computation unit, we 
expand on the inner product processor architecture initially developed for the single-digit 
2DLNS [4], The processor can be used in a filterbank for one dimensional convolution.
2.4.1 Single Digit Computational Unit
Figure 2.4 shows the structure o f the proposed single-digit computation unit (CU). Since 
we do not require to retain the MDLNS representation of the accumulated output, and also 
since the CU is feed forward, we can use the MDLNS domain for the coefficient 
multiplication and a binary representation for the accumulated output.
MDLNS Background Theory Hardware Complexity
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Figure 2.4 : Single-Digit MDLNS Inner Product Computation Unit
d\ cl
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The multiplication is performed by small parallel adders for each o f the data and 
coefficient base exponents. The addition output for each of the 6 - 1  odd bases is 
concatenated into an address for a LUT (ROM). This table produces an equivalent floating 
point value for the product of the odd bases raised to the exponent sum, as shown below:
MDLNS Background Theory Hardware Complexity
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b
(2.16)
j  = 2
We note that since the size of the exponents of each odd base in a MDLNS representation 
(where there are at least 2-digits and 2 bases) can be very small (less than 4-bits), then the
restriction. For example, a 3DLNS with 3-bits for each odd base exponent requires a 9-bit 
address table.
For large dimensional LNS, we can also consider the use of unity approximants to reduce 
the output of each odd-base adder to the number of bits of the input exponents (or even 
less if  we are willing to accept the increased mapping error). This reduction process stores 
a small number of unity approximants that can be added in parallel to the output of the 
odd-base adders. The reduced input to the ROM is selected from these parallel results. The 
ROM input address size is now reduced by ( b -  1) bits. This is a subject of current 
research work and will not be explored further here. For the complexity analysis in Section 
2.4.3, we will assume the structure of Figure 2.4 [3],
2.4.2 «-digit Computational Unit
The n -digit computational unit is a simple parallel extension of the single-digit unit. Each 
of the units computes the binary output for one of the digit combinations. As an example, 
consider multiplying an accumulating sequence, y , with a coefficient, x,  z  = x ■ y  where:
We can perform this with 4 parallel single-digit units, where the ( u , v) unit computes:
maximum address bits to the ROM is given by the product o f (b -  1) and the indices bit
2 2 2 2
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Clearly there are n such units in an n -digit MDLNS. The parallel outputs are summed
using an adder tree [3].
2.4.3 MDLNS Complexity Comparison
In terms of complexity comparison with the classical LNS, we need to compare each 
system based on the same quantization properties.
This will require a knowledge of the change in the size of the odd-base exponents as a 
function of dimensionality and number of digits. At the moment this appears to be a rather 
intractable task and so we have to resort to exhaustive search analysis. Here we report the 
results from 10 and 12-bit unsigned binary dynamic range (these are taken from typical 
video fdter requirements). From Section 2.3.2, we obtain the number of bits for the 
classical LNS as n + log2( « ) .
Our assumption in Table 2.1 is that the ROM size dominates the hardware complexity. For 
the classical LNS and single-digit 2DLNS, this is a valid assumption. For the 2-digit LNS 
the ROM size is very small and the other components in the architecture will undoubtedly 
be important in the overall complexity. Even so, it is clear that there is a very substantial 
reduction in the hardware complexity for the 2-digit case. We are currently performing a 
comparison analysis for a much larger set o f digits and dimensions. Our initial findings 
point to the number of digits as being the primary contributor to the hardware savings [3].
MDLNS Background Theory Hardware Complexity
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LNS Single-digit 2D LNS
Two-digit 2D 
LNS
1 0 - b i t s 8 K IK  ( 1 0 - b i t  o d d -  
b a s e  e x p o n e n t )
64 w o rd s  ( 4 - b i t  t e r ­
n a r y  e x p o n e n t )
1 2 - b i t s 32K 4K ( 1 2 - b i t  o d d - b a s e  
e x p o n e n t )
12 8  w o rd s  (5 -  
b i t  t e r n a r y  e x p o ­
n e n t )
2.5 Summary
A multi-digit multi-dimensional logarithmic number system has considerable 
implementation advantages over the classical LNS in DSP applications. With the extra 
degrees of freedom in both numbers of digits and the dimensionality o f the MDLNS 
representation, the complexity of FIR filter VLSI layouts can be simplified.
MDLNS Background Theory Summary






Since the MDLNS was first introduced and considered for use in 
DSP applications, a method for converting data from a binary form 
to the MDLNS was needed. Much research has been done in the 
area of analog-to-digital (A/D) and digital-to-analog (D/A) 
converters over the past decades. There are many types of 
converters which operate at varying speeds and accuracies as well 
as having very different hardware implementations. Initial 
investigations into an analog-to-MDLNS converter proved very 
difficult as there were simply too many practical implementation 
problems to consider (e.g., noise, available analog components, 
technology scaling). Many A/D and D/A converter designs have 
solved such problems and are available in either discrete 
component or ASIC block forms which can be easily integrated into 
new designs. It seems only logical to use these technologies in any 
binary-MDLNS converter designs.
The early methods proposed for binary to MDLNS conversion used 
simple look-up tables (LUTs) [4]. Although a LUT offers a simple 
and fast binary to MDLNS conversion scheme, the implementation 
of these LUTs can become very large and unpractical as their size is
Binary-MDLNS Conversion Introduction
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exponentially dependant on the input binary dynamic range [8]. The LUT sizes further 
depend on the number of digits and bases in the MDLNS representation. For the case of 
the example used previously of a 12-bit unsigned range with 3-digits and 2-bases, the 
error-free direct mapping LUT size would be 4096x33  or 136kbit; a reasonable sized 
component. However, if  a 23-bit unsigned range were needed, the mapping LUT would be 
8388608 x 48 or 403Mbit; not reasonable at all for hardware implementation.
This chapter will introduce a hardware realizable method of converting a binary 
representation of a value into a 2DLNS representation [20], The method is derived by 
reversing a common LNS to binary process with the aid of a new memory device.
3.1.1 Simplified Notation
To ease the presentation of this process we will restrict ourselves to a subset of the 
MDLNS, with a simpler notation:
n
x =  ^  • 2°'• Z ) \  (3.1)
i=  1
which is a n -digit 2DLNS representation, where D  is a suitably chosen real number (not 
necessarily an integer but not a multiple o f 2), s { = {-1, 0, 1}, at = { ..., -1 , 0, 1, ...}
R — 1 Rand 6- = { -2  , ..., 2 -  1} . R is the number of bits needed to represent b in binary
and the range of a is self limiting.
3.2 Single-Digit 2DLNS Representation
From Equation (3.1), when n = 1, this will be a special case known as the single-digit 
2DLNS representation:
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(3.2)
3.2.1 Single-Digit 2DLNS to Binary Conversion
For the case of converting from a single-digit 2DLNS to binary, a common method is used 
[4]- This method uses b as an index address to a LUT to find a pseudo-floating point
where y  = p(x) is the mantissa (real) and z = £(x) is the exponent (integer). The 
mantissa, limited by 1 < y  < 2 , dictates the value of the exponent ( z ) to satisfy the 
expression (the process for obtaining the mantissa will be referred to as normalization). 
Once the second base exponent (b)  is indexed in the LUT and the pseudo-floating point 
representation has been found, its exponent value is added to the binary exponent from the 
2DLNS representation (a)  for the final magnitude. The sign (5 ) is applied, in the final 
operation, to generate a positive, negative or zero (special case) representation.
For hardware implementation, the function, 2Z, is replaced by a barrel-shifter (see 
Figure 3.1).
representation for D b . The pseudo-floating point representation is in the form x = y  ■ 2Z,
(3.3)
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Figure 3.1 : Single-Digit 2DLNS to Binary Converter Structure
Second Base Index (b ) -




Table 3.1 shows the single-digit 2DLNS to binary conversion table for D  = 3 and 
R = 3 . The number of table rows is 2 , which is 8 for this example.
Table 3.1: Single-Digit 2DLNS to Binary Conversion LUT for D  = 3, R  = 3
Input Output
b \l{Db) e(Db)
0 1 . 0 0 0 0 0 0 0 0 0 0 0
1 1 . 5 0 0 0 0 0 0 0 0 0 1
2 1 . 1 2 5 0 0 0 0 0 0 0 3
3 1 . 6 8 7 5 0 0 0 0 0 0 4
-4 1 . 5 8 0 2 4 6 9 1 3 5 -7
-3 1 .1 8 5 1 8 5 1 8 5 1 -5
- 2 1 . 7 7 7 7 7 7 7 7 7 7 -4
- 1 1 . 3 3 3 3 3 3 3 3 3 3 - 2
Look-Up Table I
Exponent Mantissa J
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Example 3.1 '
Given s = 1, a = 8 and b = -3  , find x using Equation (3.3) and Table 3.1
Solution
• Lookup b = - 3 in Table 3.1
• Table returns p (-3 ) = 1.1851851851 and e (-3 ) = -5
• Therefore x = 1.1851851851 - 2 (8' 5) = 9.481481481
8 —3 -------The above example shows an ideal solution (2 + 3  = 9 . 4 8 1 )  since the accuracy of the
conversion depends on the physical implementation of the mantissa data in the table. The 
mantissa here is represented in base 10 with 10 digit accuracy (excluding the first “ 1” 
since it is redundant), which is approximately 33 bit precision (1 base 10 digit is 
approximately 3.3 base 2 digits). C is used to represent number of bits for the mantissa 
(excluding the initial “ 1”) when implemented in hardware. Table 3.2 shows the single­
digit 2DLNS to binary conversion table for D  = 3 , R = 3 and C = 10.
Table 3.2: Practical Single-Digit 2DLNS to Binary Conversion LUT
for J9 = 3, /? = 3, C = 10
Input Output
b |i ( D b) 
(base 2) e(Db)
0 1 . 0 0 0 0 0 0 0 0 0 0 0
1 1 . 1 0 0 0 0 0 0 0 0 0 1
2 1 . 0 0 1 0 0 0 0 0 0 0 3
3 1 . 1 0 1 1 0 0 0 0 0 0 4
-4 1 . 1 0 0 1 0 1 0 0 1 0 -7
-3 1 . 0 0 1 0 1 1 1 1 0 1 -5
- 2 1 . 1 1 0 0 0 1 1 1 0 0 -4
- 1 1 . 0 1 0 1 0 1 0 1 0 1 - 2
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The following example shows a more realistic approximation given that C is defined. 
Example 3.2
Perfonn the previous example with the data in Table 3.2
Solution
• Look up b — —3 in the table
• The table returns |i( -3 )  = 1.00101111012 and e (-3 ) = -5
• x = 1.00101111012 2(8 5) = 9.4765625
3.2.2 Binary to Single-Digit 2DLNS Conversion
Since the table method for converting single-digit 2DLNS to binary is quite fast and can 
be implemented in hardware efficiently, it is only logical to try to reverse this process to 
convert a binary representation to a single-digit 2DLNS.
For a single-digit 2DLNS to binary conversion, the sign o f the binary input, x ,  must first 
be determined and the magnitude, |x| , generated. This can be easily performed in 
hardware with a comparator and a 2 ’s complement generator. The sign will be in the set 
{ -1 ,0 ,  1} . In the special case when s = 0 , the 2DLNS exponents will also become 0 to 
minimize the chance of arithmetic overflow when performing simple 2DLNS operations 
(multiplication, division, etc.).
The input of the single-digit 2DLNS to binary LUT, described previously, is the second 
base exponent, b,  and the outputs are the mantissa and the exponent. To reverse the
process, the input to the LUT would be the mantissa, p (f r) . Since the mantissa is not 
influenced by the pseudo-floating point exponent, this exponent can remain an output. 
Table 3.3 shows the preliminary binary to single-digit 2DLNS LUT contents. The 
complexity of the LUT is now dependant on C as the mantissa is the input. The number of
table rows for C = 10 is 1024 or 2 . Note that this table contains many undefined
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entries.
Table 3.3: Preliminary Binary to Single-Digit 2DLNS Conversion
LUT for D = 3 , R - 3
Input Output
PCD*) z {Db) b
1 . 0 0 0 0 0 0 0 0 0 0 0 0
I 7 7
1 . 1 2 5 0 0 0 0 0 0 0 3 2
7 ?
1 . 1 8 5 1 8 5 1 8 5 1 -5 -3
I 7 7
1 . 3 3 3 3 3 3 3 3 3 2 - 2 - 1
I 7 7
1 . 5 0 0 0 0 0 0 0 0 0 1 1
I 7 7
1 . 5 8 0 2 4 6 9 1 4 5 -7 -4
7 7
1 . 6 8 7 5 0 0 0 0 0 0 4 3
1 7 7
1 . 7 7 7 7 7 7 7 7 7 7 -4 - 2
i 7 7
Conceptually, this table would replicate downward with the mantissas doubling and 
exponents decreasing by 1 onto infinity (and replicate upward with the mantissas halving 
and the exponents increasing by 1 onto zero) as seen in Table 3.4. However, since the input 
to the table is normalized, only mantissas from 1 to 2 will be needed; the remainder can be 
omitted (those shown in the shaded areas).
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Table 3.4: Extended Binary to Single-Digit 2DLNS Conversion LUT
for D = 3 , R = 3
Input Output
(l (Db) E(Db) b
"
.*
1 . 0 0 0 0 0 0 0 0 0 0 0 0
I p •p
1 . 1 2 5 0 0 0 0 0 0 0 3 2
4 p p
1 . 1 8 5 1 8 5 1 8 5 1 - 5 - 3
p p
1 . 3 3 3 3 3 3 3 3 3 3 - 2 - 1
p p
1 . 5 0 0 0 0 0 0 0 0 0 1 1
I p ?
1 . 5 8 0 2 4 6 9 1 3 5 - 7 - 4
I ? p
1 . 6 8 7 5 0 0 0 0 0 0 4 3
p p
1 . 7 7 7 7 7 7 7 7 7 7 - 4 - 2
? p
2 . 0 0 0 0 0 0 0 0 0 0 - 1 L ^ ' 1 0 ,'V>
? /■■■■■p.. p
Before |x| can be used as an input to the LUT, it must first be normalized. Since the
12mantissa, in this case, is limited to only 11 bits, |x| must not equal or exceed 2 in order 
to generate an accurate approximation. The conversion of |x| to a mantissa is easily 
achieved in hardware with a conditional feedback bit-shifter and counter (multi-cycle 
process, lower power) or priority encoder (single cycle process, high speed). In either case, 
the number of shifts performed is used to generate the binary exponent.
a = shifts -  e(mantissa) (3.4)
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Table 3.5: Binary to Single-Digit 2DLNS Conversion LUT 




1 . 0 0 0 0 0 0 0 0 0 0 0 0
I 7 7
1 . 0 0 1 0 0 0 0 0 0 0 3 2
4, 7 7
1 . 0 0 1 0 1 1 1 1 0 1 -5 -3
I 7 7
1 . 0 1 0 1 0 1 0 1 0 1 - 2 - 1
7 7
1 . 1 0 0 0 0 0 0 0 0 0 1 1
7 7
1 . 1 0 0 1 0 1 0 0 1 0 -7 -4
I ? 7
1 . 1 0 1 1 0 0 0 0 0 0 4 3
I 7 7
1 . 1 1 0 0 0 1 1 1 0 0 -4 - 2
I 7 7
Example 3.3
Given C = 10 (see Table 3.5) and x = 24, find s , a and b
Solution
•  Since x > 0 , s = 1
• Normalize |x| = 24 to |x| = 1.5 • 24 or |x| = 1.12 • 24 (4 shifts)
• Find the mantissa (1.12 ) in the LUT
• The LUT returns b = 1 with an exponent of 1
• a = 4 - 1 = 3
3 1• Therefore 1 - 2 - 3  = 24, which is a perfect conversion
The above example is an ideal case since the mantissa of 1.12 exists in the table. However,
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if  a mantissa of 1.10000012 were chosen, the output of the table would be undefined. The 
LUT needs to be completed for all possible inputs. This is done by resolving all the 
possible inputs with the best approximation for the output (i.e., mid-point between 1.0
and 1.125 is _  1.0625 ; entries between 1.0 and 1.0625 are equal to that of
1.0). The process of completing the LUT adds a new entry to the end of the table. This
entry is necessary for maintaining the cyclical connectivity of the table. Table 3.6 shows
the complete binary to single-digit 2DLNS LUT contents. The number of table rows is
C Rstill 1024 or 2 , however there are only 9 or 2 + 1  unique outputs.
Binary-MDLNS Conversion Single-Digit 2DLNS Representation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
32
University o f  W indsor
Table 3.6: Complete Binary to Single-Digit 2DLNS Conversion LUT
for Z) = 3, i? = 3, C = 10
Input Output
\ l (Db) 
(base 2)
e(Db) b
1 . 0 0 0 0 0 0 0 0 0
1 . 0 0 0 0 1 1 1 1 1
0 0
1 . 0 0 0 1 0 0 0 0 0
1
1 . 0 0 1 0 0 1 1 1 0
3 2
1 . 0 0 1 0 0 1 1 1 1  
I
1 . 0 1 0 0 0 0 0 1 1
-5 -3
1 . 0 1 0 0 0 0 1 0 0  
I
1 . 0 1 1 0 1 0 1 0 0
- 2 - 1
1 . 0 1 1 0 1 0 1 0 1  
I
1 . 1 0 0 0 1 0 0 1 1
1 1
1 . 1 0 0 0 1 0 1 0 0  
1 . 1 0 1 0 0 0 0 1 1
-7 -4
1 . 1 0 1 0 0 0 1 0 0  
I
1 . 1 0 1 1 1 0 1 1 0
4 3
1 . 1 0 1 1 1 0 1 1 1  
I
1 . 1 1 1 0 0 0 1 1 0
- 4 - 2
1 . 1 1 1 0 0 0 1 1 1  
I
1 .1 1 1 1 1 1 1 1 1
-1 0
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Example 3.4
Given x = 1392, find s ,  a and b
Solution
• Since x > 0 , s = 1
• Normalize |x| = 1392 to |x| = 1.359375 • 2 10 or |x| = 1.0101112 • 2 10 (10 
shifts)
• Find the mantissa (1.0101112) in the LUT (Table 3.6)
• The LUT returns b = -1  with an exponent of -2
• a = 1 0 - ( - 2 )  = 12
12 - 1• Therefore, 1 -2  -3 = 1365 is the nearest approximation given that R is low
3.3 Range Addressable Look-Up Table (RALUT)
An architecture is now developed to convert a binary representation into a single-digit 
2DLNS representation. The size of the hardware implementation is mainly dependant on
cthe value o f C  as it dictates the size of the LUT (2 rows). Therefore, the LUT doubles in 
size for every increment in C . The complexity o f the contents of the LUT does not change
as it is dependant on the value of R (only 2 + 1  unique outputs). The LUT is therefore 
not optimal for this architecture because it does not scale well. A novel solution is to 
create a modified LUT which removes the redundancy in the outputs. This can be done by 
changing the address decode system from exact matching to range matching.
3.3.1 Standard Address Decode
Conceptually, standard LUTs (see Figure 3.2) use an address decoder to match an input, I , 
to a series o f unique values (m elements o f Addr). Only one of these values will match 
the input and activate a word enable line which drives the data patterns, Data, to the 
output, O , of the LUT.
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3.3.2 Range Addressable Address Decode
For the LUT structure in the binary to single-digit 2DLNS converter to be optimally 
scalable, it must be modified to match on a particular range of values instead. Here we 
introduce a “range addressable” LUT1 (RALUT) to perform this function. A RALUT 
differs from the classic LUT by changing the address decoder system to match on a range 
of values rather than exact values (see Figure 3.3). Logically, the input address, I , is 
compared within the range of two neighboring addresses (i.e., Addr(1) and Addr(2)). 
Again, only one of these comparisons will match the input and activate a word enable line 
which drives the data patterns, Data, to the output, O , of the RALUT.
1. T he term  L U T  is u sed  s in ce  it d o es not refer to  the actual typ e  o f  hardw are im p lem en ta tio n  o f  the table  
un lik e  R O M , PR O M , E P R O M , E E P R O M , R A M , S R A M , D R A M , F R A M , etc.
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Figure 3.3 : RALUT Structure
Addr(O) < I < Addr(1) 
Addr(1) < I < Addr(2) 




Addr(m-3) < I < Addr(m-2)  ------  Data(m-3)
Addr(m-2) < I < Addr(m-1) “ ------  Data(m-2)
Addr(m-1) < I < Addr(m)  ------  Data(m-1)
Addr(m) < I   Data(m)
O
We can logically optimize this hardware noting that (I < Addr(n)) = (Addr(n) < I ) . We 
also note that (I > Addr(n)) © (I > Addr(n + 1)) = Addr(n) < I < Addr(n + 1) (see 
Figure 3.4). This is a “one hot” system (only one of the outputs o f the XORs is active), 
therefore producing the appropriate word enable line which drives the data patterns, 
Data, to the output, O , o f the RALUT. This optimization removes half of the 
comparators.
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The contents of the RALUT for D = 3 , R = 3 and C = 10 are shown in Table 3.7. The 
input column contains the values for which (l> A dd r(n )) match on, and the output 
columns contain the associated outputs. The RALUT is optimal for this architecture as its
size mainly depends on the value of R (2 + 1  rows).
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Table 3.7: Complete Binary to Single-Digit 2DLNS Conversion RALUT





1 .0 0 0 0 0 0 0 0 0 0 0
1 .0 0 0 1 0 0 0 0 0 3 2
1 .0 0 1 0 0 1 1 1 1 -5 -3
1 .0 1 0 0 0 0 1 0 0 - 2 -1
1 .0 1 1 0 1 0 1 0 1 1 1
1 .1 0 0 0 1 0 1 0 0 -7 -4
1 .1 0 1 0 0 0 1 0 0 4 3
1 .1 0 1 1 1 0 1 1 1 -4 - 2
1 .1 1 1 0 0 0 1 1 1 -1 0
Hardware Implementation
The complete binary to single-digit 2DLNS structure using the RALUT is shown in 
Figure 3.5. This structure can be implemented in a single (low latency) or multi-process 
(pipelined, higher latency, lower power) circuit depending on the system constraints.
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3.4 The 2DLNS Sequence
Table 3.8 shows a small window of all the possible values of single-digit 2DLNS 
representations (constrained only by the range of b which is set by R)  sorted by their
ft
value. It can be seen that the second base exponent, b , replicates after 8 entries, 2 , the 
first base or binary exponent, a , increases by 1 and the value doubles. This sequence of 
numbers is known as the 2DLNS sequence. The non-shaded area of the table shows the 
core 2DLNS sequence [1.0, 2 .0) ,  the sequence which can be used to generate the 
complete 2DLNS sequence.
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Table 3.8: Single-Digit 2DLNS Sequence for D = 3, if = 3
a b 2a - Db
. 4/ ■ ■ ■ ■
-:i".:: 0 . 5 0 0 0 0 0 0 0 0 0
1 3 :1 1 1 0 . 5 6 2 5 0 0 0 0 0 0
i l l l l l 0 . 5 . 925592593
i iifiiil 0 . 6 6 6 6 6 6 6 6 6 7
i s h : 0 . 7 5 0 0 0 0 0 0 0 0
lllltS 0 . 7 9 0 1 2 3 4 5 7 5
0 . 8 4 3 7 5 0 0 0 0 0
E l l  I:::::.::; 0 . 8 8 8 8 8 8 8 8 8 8
0 0 1 . 0 0 0 0 0 0 0 0 0 0
-3 2 1 . 1 2 5 0 0 0 0 0 0 0
5 - 3 1 . 1 8 5 1 8 5 1 8 5 1
2 - 1 1 . 3 3 3 3 3 3 3 3 3 3
- 1 1 1 . 5 0 0 0 0 0 0 0 0 0
7 - 4 1 . 5 8 0 2 4 6 9 1 3 5
- 4 3 1 . 6 8 7 5 0 0 0 0 0 0
4 - 2 1 . 7 7 7 7 7 7 7 7 7 7
::::: j l l l l 111®®=:: 2 . 0 0 0 0 0 0 0 0 0 0
2 . 2 5 0 0 0 0 0 0 0 0
2 . 3 7 0 3 7 0 3 7 0 4
3 2 . 6 6 6 6 6 6 6 6 6 6
0 ^ ...
- 3
© IfilP )V:;:.l).:5 | |S 5 5 5 : |5 g '; r : '
i ill!::;
3.5 Two-Digit 2DLNS Representation
From Equation (3.1), when n = 2 , this will be a special case known as the two-digit 
2DLNS representation:
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n a \ p .^ 1  , ~ a 2 j - f i ix = s j - 2  D + s  2 -2 D (3.5)
3.5.1 Two-Digit 2DLNS to Binary Conversion
Conversion from a two-digit 2DLNS to binary is a simple process. Both 2DLNS digits are 
converted separately using the single-digit method (see “Single-Digit 2DLNS to Binary 
Conversion” on page 25) and their results accumulated to produce the final binary 
representation.
Example 3.5
Given S\ = - 1 ,  a t = 5, b t = 1 , s2 -  1, a\ = 2  and b2 — 0 , find x
Solution
• For X j, lookup b l = 1 from Table 3.2
• Table returns | i ( l )  -  1.12 a n d e ( l )  = 1
•  x j  =  - 1  • 1 .1 2 • 2 5 + 1 =  - 1 1 0 0 0 0 0 2
• For x2 , lookup b2 — 0 from the table
• Table returns p(0)  = 1.02 and e(0) = 0
• x2 = 1 • 1.02 •22 + 0 = 1002
• Add Xj and x2
• The final value is x = Xj + x 2 = —10111002 or -92  .
Hardware Implementation
The hardware implementation of this conversion can be either serial (one single-digit 
2DLNS to binary conversion LUT required, multi-cycle operation, see Figure 3.6) or 
parallel (two single-digit 2DLNS to binary conversion LUTs required, single-cycle 
operation, see Figure 3.7) depending on the constraints of the system.
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Figure 3.6 : Serial Two-Digit 2DLNS to Binary Converter Structure
First Digit Second Digit Start/ 









O utput (x) Done
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Figure 3.7 : Parallel Two-Digit 2DLNS to Binary Converter Structure 
First Digit Second Digit









3.5.2 Binary to Two-Digit 2DLNS Conversion (Quick method)
Two-digit approximation provides many different possibilities to represent a real number 
in 2DLNS. To limit these possibilities for real-time hardware implementation we apply a 
greedy algorithm. That is, the first digit is always chosen to be nearest to the target value, 
|jc| ; this ensures that the second digit is always smaller in magnitude therefore limiting the 
complexity of the problem. The process of finding each digit, greedy algorithm, is 
formulated as shown in Algorithm 3.1.
Algorithm 3.1
Input: Real number, x
a2 b2
Output: {Aj, a x, b j }, {.s ,̂ a2, b2} such that x ~ ■ 2 D + s 2 - 2 D
Step 1: Find {sj, a x, } based on the Binary to Single-Digit 2DLNS Conversion of x .
b +  (-D*1)
Step 2: Generate x = Sj • |i(Z) ') • 2 1 using an appropriately programmed
RALUT
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Step 3: Determine the error x - x  using a matched mantissa output (matched by 
exponent) from the RALUT (see Table 3.9)
Step 4: Find { s 2, «2> ^2 } based on a Binary to Single-Digit 2DLNS Conversion o f x - x
In order to determine the error for the second-digit approximation, we see that the RALUT 
output for the first-digit approximation must also include the matched mantissa (see 
Table 3.9 and Equation (3.6)). The size of the RALUT is therefore increased due to this 
extra output but it is a linear, not exponential growth. This method of binary to two-digit 
2DLNS conversion will also be referred to as the “quick” method as it uses minimal 
resources to determine a two-digit 2DLNS approximation.
Table 3.9: Complete Binary to Single-Digit 2DLNS Conversion RALUT 




e(Db) b (*(£>*) 
(base 2)
1 . 0 0 0 0 0 0 0 0 0 0 0 0 1 . 0 0 0 0 0 0 0 0 0 0
1 . 0 0 0 1 0 0 0 0 0 3 2 0 1 . 0 0 1 0 0 0 0 0 0 0
1 . 0 0 1 0 0 1 1 1 1 - 5 -3 0 1 . 0 0 1 0 1 1 1 1 0 1
1 . 0 1 0 0 0 0 1 0 0 -2 - 1 0 1 . 0 1 0 1 0 1 0 1 0 1
1 . 0 1 1 0 1 0 1 0 1 1 1 0 1 . 1 0 0 0 0 0 0 0 0 0
1 . 1 0 0 0 1 0 1 0 0 - 7 - 4 0 1 . 1 0 0 1 0 1 0 0 1 0
1 . 1 0 1 0 0 0 1 0 0 4 3 0 1 . 1 0 1 1 0 0 0 0 0 0
1 . 1 0 1 1 1 0 1 1 1 - 4 -2 0 1 . 1 1 0 0 0 1 1 1 0 0
1 . 1 1 1 0 0 0 1 1 1 - 1 0 1 0 . 0 0 0 0 0 0 0 0 0 0
Binary-MDLNS Conversion Two-Digit 2DLNS Representation
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
University o f  W indsor
Example 3.6
Given x = 3840, find s x, a x, b x, s 2 , a2 , and b2
Solution
• Since x = 3 8 4 0 > 0 ,S j = 1
• |x| = 3840
• Normalize |x|
• |x| = 1.875 - 2 11 or |x| = 1.1112 - 2 11
• Find 1.1112 in the RALUT (Table 3.9)
• b x = -2  w ith e  = - 4  and p  = 01.110001112
• «! = 11 - ( - 4 )  = 15
• Matching mantissa error: (1.1112 - 01.110001112) • 2 11 = 0.000110012 ■ 2 11
Second-Digit
• x = 0 .0 0 0 1 1 0 0 1 2 • 2 11, therefore s2 = 1 and |x| = 0 .0 0 0 1 1 0 0 1 2 • 2 11
• Normalized, |x| is |x| = 1.10012 • 27 (7 shifts)
• From the RALUT (Table 3.9) b2 = - 4  with e = -7  and p  = 1.1001012
• a2 = 7 - ( - 7 )  = 14
Final Approximation
• 1 • 2 15 • 3" 2 + 1 • 2 14 • 3 4 = 3843
This two-digit 2DLNS approximation differs from 3840 by 3.
Hardware Implementation
For the second-digit approximation, the mantissa output o f the RALUT is not required. In 
a serial hardware implementation of this converter, only a single RALUT (with mantissa 
output) would be needed. The first-digit approximation would use the mantissa output 
while the second-digit approximation would ignore it (see Figure 3.8). A pipelined 
hardware implementation of this converter can take advantage of this by using two 
separate RALUTs (one with the mantissa output and one without) to minimize area (see
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Figure 3.9).
















(w/ mantissa) | | Arithmetic Unit
2DLNS Done 
Digits
(sv a v bv
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3.5.3 Binary to Two-Digit 2DLNS Conversion (High/Low method)
Although the “quick” binary to two-digit 2DLNS conversion operates efficiently, it does 
not always approximate an accurate result. Depending on the choice of R , there can be 
many possible representations for a number. In order words, the greedy algorithm is not, in 
general, optimal.
The “quick”, or greedy, method allows the choice o f the first-digit to be above or below 
the target value, based on the nearest approximation but without consideration of the effect 
on the second digit. An alternative method, the “high/low” method, will generate two 
representations, one with the first-digit below the target and another with the first-digit
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above the target. In either case, the choice of the two first-digits are the two nearest 
approximations to the target; a modified greedy algorithm. Once the second-digit is 
generated (from the error calculated from the first-digit and the mantissa in the RALUT), 
then the more accurate of the two two-digit approximations can be chosen. Note that one 
of these final representations will be the same as that produced by the “quick” method. To 
determine the best representation, the second RALUT will also need the mantissa output 
so that the error from the second-digit can be calculated.
We formalize this technique, as shown below, in Algorithm 3.2.
Algorithm 3.2
Input: Real number, x
Output: {5 j, a x, b x}, { s 2, a2> b2} such that x ~ Sj • 2°' ■ D b' + s 2 ■ 2° 2 • D bl
-  +  +  -fiStep 1: Find {sj, a x, b x} and {sj, a x, b j } based on the Binary to Single-Digit 2DLNS
Conversion of x < x and x+ > x , respectively.
b- a,+efz)Al] b+ al + e l V 1]
Step 2: Generate x~ = s\ ■ \x(D !) • 2 and x = • |X(D ') ■ 2 using
an appropriately programmed RALUT
Step 3: Determine the errors x — x and x — x+ using a matched mantissa output
(matched by exponent) from the RALUT (see Table 3.10), and choose the
smallest.
Step 4: Find { s 2, a 2, b 2} based on a Binary to Single-Digit 2DLNS Conversion of
x — x or x -  x+ which minimizes the error.
Modifying the RALUT for High/Low Approximation
The RALUT address ranges for the first-digit approximation must be modified to match 
on the two nearest mantissas. This is done by using the mantissa, |x(Db) , in the address
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ranges of the RALUT (as in Table 3.3). The RALUT will then match between the
mantissa \ i {Dh) and the next mantissa (but not including it). The output o f the RALUT 
will need to include the index, exponent and mantissa (the “low” approximation) relating 
to that in the address decoder along with the index, exponent and mantissa of the next 
approximation (the “high” approximation). The RALUT contents for D  = 3 , R = 3 and 
C = 10 are shown in Table 3.10. Note that the “High” contents of each row is equal to
“Low” contents o f the next row. The number of table rows is 2 , one row less than the 
previous since cyclical connectivity is maintained by the “High” element o f the last row 
instead of requiring a new row.
Table 3.10: Binary to Single-Digit 2DLNS Conversion RALUT for 










1 . 0 0 0 0 0 0 0 0 0 0 0 0 0 1 . 0 0 0 0 0 0 0 0 0 0 3 2 0 1 . 0 0 1 0 0 0 0 0 0 0
1 . 0 0 1 0 0 0 0 0 0 0 3 2 0 1 . 0 0 1 0 0 0 0 0 0 0 - 5 - 3 0 1 . 0 0 1 0 1 1 1 1 0 1
1 . 0 0 1 0 1 1 1 1 0 1 - 5 -3 0 1 . 0 0 1 0 1 1 1 1 0 1 -2 - 1 0 1 . 0 1 0 1 0 1 0 1 0 1
1 . 0 1 0 1 0 1 0 1 0 1 -2 - 1 0 1 . 0 1 0 1 0 1 0 1 0 1 1 1 0 1 . 1 0 0 0 0 0 0 0 0 0
1 . 1 0 0 0 0 0 0 0 0 0 1 1 0 1 . 1 0 0 0 0 0 0 0 0 0 - 7 -4 0 1 . 1 0 0 1 0 1 0 0 1 0
1 . 1 0 0 1 0 1 0 0 1 0 - 7 - 4 0 1 . 1 0 0 1 0 1 0 0 1 0 4 3 0 1 . 1 0 1 1 0 0 0 0 0 0
1 . 1 0 1 1 0 0 0 0 0 0 4 3 0 1 . 1 0 1 1 0 0 0 0 0 0 -4 -2 0 1 . 1 1 0 0 0 1 1 1 0 0
1 . 1 1 0 0 0 1 1 1 0 0 -4 -2 0 1 . 1 1 0 0 0 1 1 1 0 0 - 1 0 10 . 0 0 0 0 0 0 0 0 0 0
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Example 3.7
Given x = 3840, find S j, a x, b { , s2 , a2 , and b2 for the most accurate 
representation using the “High/Low” method
Solution
• Since x = 3840 > 0 , 5 , = 1
• |x| = 3840
• Normalize |x|
• |x| = 1.875 - 2 11 or |x| -  1.1112 2 11
•  Find 1.1112 in the RALUT (Table 3.10)
Low Approximation, First-Digit High Approximation, First-Digit
• b i = -2  with e = -4  and
p  = 0 1 .1 1 0 0 0 1 1 1 0 0 2
• a x = 11 - ( - 4 )  = 15
• Matching mantissa error:
( 1 .1 1 1 2 — 0 1 .1 1 0 0 0 1 1 12) • 2 11 =
0 .0 0 0 1 1 0 0 1 2 • 2 11
• b x = 0  with e = - 1  and
p  = 1 0 .0 0 0 0 0 0 0 0 0 0 2
• flj = 11 - ( - 1 )  = 14
• Matching mantissa error:
( 1 .1 1 1 2 -  1 0 .0 2) • 2 U =
- 0 .0 0 1 2 ■ 2 11
Low Approximation, Second-Digit High Approximation, Second-Digit
• x = 0 .0 0 0 1 1 0 0 1 2 • 2 1 1 , therefore
s2 =  1 and |x| = 0 . 0 0 0 1 1 0 0 1 2 • 2 11
• Normalized, |x| is |x| = 1.10012 - 2 
(7 shifts)
• From the RALUT (Table 3.9) 
b2 = - 4  with e  = -7  and
p = 1 .1 0 0 1 0 1 2
• a2 = 7 - ( - 7 )  = 14
• Find the difference (or approximation 
error) between the two mantissas:
( 1 .1 0 0 1 2 -  1 .1 0 0 1 0 1 2) • 2 7 = 
0 . 0 0 0 0 0 1 2 • 2 ? or 1 .0 2 - 2 1
•  x =  - 0 .0 0 1 2 • 2 1 1 , therefore 
s 2 =  - 1  and |x| =  0 .0 0 1 2 • 2 11
g
•  Normalized, |x| is |x| =  1,02 • 2 ( 8  
shifts)
•  From the RALUT (Table 3.9) b2 =  0 
with e =  0  and p  =  0 1 .0 2
•  a2 =  8  -  (0 ) =  8
•  Find the difference (or approximation 
error) between the two mantissas:
( 1 .0 2 -  1 .0 2) • 2 8 =  0
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Final “Low” Approximation Final “High” Approximation
• 1 ■ 2 15 • 3- 2  + 1 - 2 14 - 3“ 4 = 3843 
with a computed error o f 2
•  Same solution as “quick” method
• 1 -2 8 -3° = 3840 with 
a computed error of 0
• First-digit not greedy
Final Approximation
•  1 •2 14- 3° -  1 - 2 8 ■3° = 3840
For a pipelined hardware implementation, a single RALUT with dual outputs (as in 
Table 3.10) and two RALUTs with mantissa output will be needed (see Figure 3.10). For 
serial hardware implementation, it is possible to use only one RALUT (dual outputs). The 
input mantissa can be compared with the two output mantissas to determine the nearest 
approximation for the second-digit. The implementation is similar to.that o f the quick 
method (see Figure 3.8) with some additional resources (storage and arithmetic).
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Comparator/MUX
3.5.4 Binary to Two-Digit 2DLNS Conversion (Brute Force method)
The “high/low” method o f binary to two-digit 2DLNS conversion offers more 
approximations than the “quick” method but with the need for more hardware. In the case 
of parallel implementation, another RALUT is needed. However, for the serial 
implementation, the resources remain almost the same. Depending on the particular 
application for which 2DLNS is used, it may be necessary to have even more accurate 
two-digit 2DLNS representations. For such instances it is possible to perform a “brute 
force” two-digit 2DLNS conversion.
The “quick” method chooses the nearest first-digit to the target and generates the second­
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digit to reduce the error, a simple greedy algorithm. The “high/low” method chooses the 
two nearest approximations to the target as the first-digits, generates two associated 
second-digits for the error and selects the combination with the smallest error. The “brute 
force” method operates similarly by selecting the combination with the smaller error, but it
uses all possible mantissas of D b as the first-digits instead of just one (quick) or two 
(high/low). A LUT (see Table 3.11) containing all the mantissa and exponent information
is required to be accessed to generate each of the combinations (2 + 1). The “best” 
combination is determined iteratively,
Table 3.11: Brute Force First-Digit LUT for D = 3, R  = 3, C = 10
Input Out put
Index e(Db) b \i{Db) 
(base 2)
0 0 0 0 1 . 0 0 0 0 0 0 0 0 0 0
1 3 2 0 1 . 0 0 1 0 0 0 0 0 0 0
2 - 5 - 3 0 1 . 0 0 1 0 1 1 1 1 0 1
3 -2 - 1 0 1 . 0 1 0 1 0 1 0 1 0 1
4 1 1 0 1 . 1 0 0 0 0 0 0 0 0 0
5 - 7 - 4 0 1 . 1 0 0 1 0 1 0 0 1 0
6 4 3 0 1 . 1 0 1 1 0 0 0 0 0 0
7 - 4 - 2 0 1 . 1 1 0 0 0 1 1 1 0 0
8 - 1 0 1 0 . 0 0 0 0 0 0 0 0 0 0
The “brute force” method is formally described in Algorithm 3.3.
Algorithm 3.3
Input: Real number, x
Output: {sj,  a x, b l }, {^2, a2, b2} such that x ~ s l ■ 2°' ■ D b] + s2 ■ 2 ° 2 • D bl 
Step 1: Set / = 0 and e =
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Step 2: Find { 5 j, a\, b \ } from row i of a LUT of all the mantissa values.
i i b' a\+z(Dx\Step 3: Generate x = ■ p(Z) ) •2 and determine based on
minimizing the error £ ■ =
~ i ~ i 
X -  (Xj + X2 )
Step 4: Set i —> i + 1 and e = min(e, £ ■) and iterate from Step 2 until all LUT rows
have been searched.
Step 5: Final output is {Vj, clx, }, {.s*2, a/2, tf2} where j  corresponds to the row which
the smallest error, £, is obtained.
Example 3.8
Given x = 1967, find s x, a x, b x, s 2 , a2 , and b2 using the brute force method
Solution
• Quick method results in: 1 • 2 11 ■ 3 ° -  1 • 28 • 3* = 1962.6
• High/low method results in: 1 • 2 14 - 3" 2 + 1 ■24 ■ 32 = 1964.4
• Using Table 3.11 for all the entries:
0: 1 • 2 10-3° + l • 2 13 ■ 3 2 = 1934.2
1: 1 -2 7 • 32 + 1 ■ 2 16 • 3” 4 = 1961.0865
2: 1 - 2 15-3~3 + l • 28 - 3 1 = 1981.629
3: 1 • 2 12 ■ 3 1 + 1 - 2 14 • 3~3 = 1972.148
4: 1 - 29 • 3 1 + 1 - 24 • 33 = 1968.0
5: 1 - 2 17-3“4 + l • 2 10 • 3_1 = 1959.506
6: 1 - 2 6 - 33 + 1 • 2 11 - 3“ 2 = 1955.5
7: 1 • 2 14 • 3“ 2 + 1 • 24 • 32 = 1964.4
8 : 1 - 2 11 - 3° — 1 ■28 - 3 1 = 1962.6
• Entry 4 contains the nearest approximation to 1967
Final Approximation
• 1 • 29 ■ 3 1 + 1 - 24 - 33 = 1968.0
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Hardware Implementation
The “brute force” method of two-digit 2DLNS conversion is primarily intended for a
serial implementation as the process is required to use the RALUT 2 + 1 times. A state 
machine (similar to the one used in the quick method, see Figure 3.8) can easily co­
ordinate the movement of data to perform this task. It is possible to integrate both the LUT 
(for the first-digit) and the RALUT (for the second-digit) into a single structure to reduce 
area as both tables have the same output (see Figure 3.11). For a parallel implementation,
a considerable amount o f hardware would be needed (along with 2 + 1  RALUTs) to 
maintain the data flow from one pipeline stage to another. This implementation is not 
recommended.




1 > Addr(O) -* -  ^  K a - Data(O) I = 0
....................
I > Addr(1) i) Data(1)
I > Addr(2) - 1 ...................| Data(2) I = 2
~ J  )
I > Addr(m-3) — 1 T v r > - Data(m-3) I = m-3
I > Addr(m-2) __r Data(m-2) I -  m-2
I > Addr(m-1)
~ ~ 1 1 < H T
Data(m-1) I = m-1
I > Addr(m) r Data(m) I = m
]
o
Additional Accuracy for the Brute Force method
The accuracy of the two-digit 2DLNS brute force conversion can be improved my using
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first-digit approximations above 2.0 and below 1.0. This can be implemented by shifting 
(either left or right) the mantissa after it has been retrieved from the LUT and prior to be 
subtracted from the target. L represents the maximum number of shifts (both left and
Rright) used in the conversion. The RALUT would be accessed 2 • (L • 2 + 1) + 1 for each 
conversion which would increase the latency of the serial implementation (or the area of 
the parallel implementation).
3.6 Multi-Digit 2DLNS Representation (n > 2)
The methods used in single-digit and two-digit 2DLNS conversion can be extended to 
operate in n -digit 2DLNS also. All methods are reviewed for completeness, although 
some methods are not very practical.
3.6.1 Multi-Digit 2DLNS to Binary Conversion
Just as single-digit 2DLNS to binary conversion architectures can be easily extended to 
two-digit systems, they may also be extended to n -digit systems. The serial 
implementations require few changes, but result in decreased bandwidth. Conversely, the 
parallel system requires more area for additional conversion LUTs but there is no 
performance degradation - only an increase in latency.
3.6.2 Binary to Multi-Digit 2DLNS Conversion (Quick method)
The quick binary to two-digit 2DLNS conversion process can be extended easily into an 
n -digit system. The serial implementation of the n -digit conversion requires extra states 
in the controlling state machine to continually produce approximations for the remaining 
digits. The output latency is a multiple o f n , but the bandwidth decreases. The parallel 
implementation requires additional pipeline stages (normalizers, RALUTs, etc.) to meet 
the n -digit specifications. The latency is n cycles, but maintains its operating bandwidth.
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3.6.3 Binary to Multi-Digit 2DLNS Conversion (High/Low method)
The high/low method of conversion does not scale as well as the quick method since there 
are so many possibilities to consider when converting from binary into 2DLNS. For the 
serial implementation a stack-based state machine is used to traverse all the possible 
representations for the n -digit 2DLNS representation in order to find the best 
representation (see Figure 3.12).


















Cs n a i ’b )
The parallel implementation requires double the number of conversion components for
each pipeline stage from the previous stage (i.e., 1, 2, 4, 8 , 16, ...). In total, 2” ~1  
conversion components will be needed. Just as in the quick method, the latency will
t yi_ |
increase, but the bandwidth will remain the same. The final stage will require 2 -  1
comparators in order to determine the best n -digit 2DLNS approximation (see 
Figure 3.13).
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Figure 3.13 : High/Low Binary to n-Digit 2DLNS Parallel Converter Structure

















3.6.4 Binary to Multi-Digit 2DLNS Conversion (Brute Force method)
The brute force method could be implemented for n -digit systems, however, the number
R n -  1
of accesses to the RALUT grows exponentially with « to (2 • (Z. • 2 + 1) + 1) . This
is because all the first n -  1 digit combinations are generated and the last digit, the n th, 
minimizes the final error. Although practical for the two-digit case, it is much less 
desirable for more than two digits. While it is possible to implement n -digit brute force 
conversion, it is recommended to simply increase R instead to improve the 2DLNS 
resolution.
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3.7 Extending to more bases
The conversion methods presented can be easily extended into MDLNS representations 
with more than 2 bases (assuming one of the bases is still 2). Since all the methods rely 
only on information about the mantissa and exponent, multiple bases can be merged 
generating a single mantissa and exponent. For example, Table 3.12 shows a MDLNS to 
binary conversion LUT using bases 2 , 3 and 5 , and a word length of 2 bits for the indices 
using bases 3 and 5 . The non-base 2 indices can be combined through simple 
concatenation to generate a single word which can address the table to determine the 
proper mantissa and exponent.
Table 3.12: MDLNS to Binary Conversion LUT for D - 3 & 5 , R  = 2
In]Jilt Output
b for b for Combined Combined
base 3 base 5 Mantissa Exponent
0 0 1 . 0 0 0 0 0 0 0 0 0 0 0
- 1 - 1 1 . 0 6 6 6 6 6 6 6 6 7 - 4
- 2 1 1 .1 1 1 1 1 1 1 1 1 1 - 1
- 2 -2 1 . 1 3 7 7 7 7 7 7 7 8 - 8
1 - 1 1 . 2 0 0 0 0 0 0 0 0 0 - 1
0 1 1 . 2 5 0 0 0 0 0 0 0 0 2
0 - 2 1 . 2 8 0 0 0 0 0 0 0 0 - 5
- 1 0 1 . 3 3 3 3 3 3 3 3 3 3 - 2
- 2 - 1 1 . 4 2 2 2 2 2 2 2 2 2 - 6
1 0 1 . 5 0 0 0 0 0 0 0 0 0 1
0 - 1 1 . 6 0 0 0 0 0 0 0 0 0 - 3
- 1 1 1 . 6 6 6 6 6 6 6 6 6 7 0
- 1 - 2 1 . 7 0 6 6 6 6 6 6 6 7 - 7
- 2 0 1 . 7 7 7 7 7 7 7 7 7 8 - 4
1 1 1 . 8 7 5 0 0 0 0 0 0 0 3
1 - 2 1 . 9 2 0 0 0 0 0 0 0 0 - 4
The same method can be used to generate an RALUT for binary to MDLNS conversion. 
Similarly, the combined second base RALUT output can be easily separated to find the
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non-base 2 indices to generate the MDLNS representation.
Although none of the software or HDL code in the appendices operate with more than two 
bases, they may be easily extended to do so in future work.
3.8 Summary
A framework for converting binary to single-digit 2DLNS was developed by analyzing 
and reversing the process of conversion from single-digit 2DLNS to binary. To improve 
hardware implementation scalability, a RALUT, a novel memory device with a range 
addressing system, has been introduced. Using this efficient binary to single-digit 2DLNS 
converter, three types of multi-digit 2DLNS conversion methods were implemented: 
Quick, High/Low, and Brute Force. Each of these methods offer either simpler 
implementation or more accurate 2DLNS approximations. All of these methods have been 
implemented in HDL with corresponding code available in the appendices. Furthermore, 
the binary to single-digit 2DLNS converter may also be extended to handle multiple base 
MDLNS representations.
Binary-MDLNS Conversion Summary
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Chapter 4
2DLNS Addition and 
Subtraction
4.1 Introduction
Current MDLNS systems utilize architectures which favour any 
multiplication (or division) but try to minimize any use o f addition 
or subtraction. Addition and subtraction are considered costly 
functions since they require LUTs whose sizes depend 
exponentially on the bit widths of the MDLNS indices. One of the 
most popular MDLNS architectures is the inner product processor 
which performs multiplication in the MDLNS domain and 
accumulates in the binary domain [3] [4] therefore eliminating any 
more opportunity to continue processing in the MDLNS domain. 
MDLNS processing can only continue if either the binary output is 
converted back to MDLNS (via a binary to MDLNS converter) or if 
a native MDLNS addition/subtraction operation is used. Such 
“difficult” operations will would allow designers to explore 
MDLNS architectures for other systems and applications.
This chapter introduces a method to perform single-digit 2DLNS 
addition and subtraction using very small RALUTs (in comparison 
to the classic table method) through the use o f a single index 
domain. The fundamental single-digit addition/subtraction 
operations can be extended to allow the multi-digit 2DLNS and to
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improve quantization accumulation error.
4.2 Simple Single-Digit 2DLNS Addition and 
Subtraction
The simplest method to perform addition and subtraction in 2DLNS is to use a pure table 
look-up scheme. The indices and signs are combined into a single word and used as the 
address of a LUT. The output of the LUT contains the combined sign and indices of the 
best 2DLNS representation for the addition or subtraction operation. Although simple and 
quite efficient, the hardware implementation complexity is based solely on the bit width 
representing the indices. Since R and B are the number of bits to represent the second and 
first base indices, respectively, and only one bit for the sign (addition and subtraction to 
zero can be handled with special logic), the number of input and output bits for the LUT 
will be (1 + B + R) ■ 2 and 1 + B + R A f  R = 3 and B = 6 , the input and output bits to 
the LUT would be 20 and 10 bits, or a 10Mbit LUT. If, for example, R or B are 
increased by only one bit, the area of the implementation will quadruple.
4.3 Classic “Slide Rule” Method
A more efficient method of addition/subtraction in logarithms is to multiply one of the
addends (Dx) by a factor Dz (for addition see Equation 4.1) or D w (for subtraction see 
Equation 4.2). In terms of logarithms, z is added to x or w  is subtracted from x .
DX DZ Dx + l f  
Dz = 1 + D y ~x 
Z  = log£)( 1 + z /  X)
(4.1)
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Dx D w = Dx - ] f
D w =  i  _ j f ~ x 
w = logz)(l - Z /  x)
(4.2)
The term “Slide Rule Method” arises from the fact that slide rules used logarithmic scales 
to perform multiplication and division. The forms of Equation 4.1 and Equation 4.2, 
involving only a single division, addition o f unity, and logarithmic mapping, were often 
used to allow intermediate addition operations within a series of calculations, such as
4.3.1 LNS Implementation
Addition and subtraction in the LNS have been implemented in hardware using many 
different number representations (integer, fixed-point, floating-point and integer 
rationals). The typical relationships between the input and output to the multiplication 
factors obtained from Equation 4.1 and Equation 4.2 are shown in Figure 4.1 and
Figure 4.2, respectively. Depending on the method of implementation, Dz and D w may be 
either extracted from a LEFT (reference by y - x ) ,  purely calculated from the above 
expressions, or interpolated from smaller tables [15]. The system constraints and accuracy 
required will dictate the implementation method used.
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4.3.2 2DLNS Implementation
This slide rule method can be extended to operate in single-digit 2DLNS by inserting the 
first base component in the expressions.
2*' • DX2 ■ 2Zl ■ DZ2 = 2Xl ■ DXl + 2y] ■ z/ 2
(4.3)
2Zl • DH = 1 + (2y 1 *' ■ I ? 2 Xl)
2*' ■ D 2 • 2  ■ D  = 2 * 1 • DXl -  2y' ■ D
(4.4)
2 = 1 -  (2y‘~X[ ■ f / 2 *2)
From the above expressions z x, z 2 , wq and w2 are not easily derivable (as seen from the
previous chapter on MDLNS conversion). However, since the indices in MDLNS are 
represented using integers, the simplest method to implement these expressions is to use a 
LUT to obtain the multiplying factors. As in the pure LUT method, the LUT would be 
referenced with a combined word from the difference of both the first and second base 
indices { y x- x x and y 2 - x 2). The LUT input and output bit widths are
1+(Z? + 1) + (Z?+1) (an extra bit is required to reference either the addition or 
subtraction table) and 1 + B + R.  Using the example values for R and B,  the table inputs 
and outputs would be 12 and 10 bits or a 41 kbit LUT. Using the slide rule method, the 
table is 256 times smaller than using the pure LUT method. However, the resulting factor
(approximations of Dz and D w) may generate an index dynamic range overflow when
multiplied by the addend (approximation of Dx ). Therefore, an overflow compensator will 
also be needed [21][3] along with an extra bit in the output of the LUT to indicate the 
direction of the correction (either above or below 1). With this extra bit, the output is 
1 + 1 + B + R , or, for this example, 11 bits which is a 45kbit LUT. This is still 
considerably smaller than the pure LUT method. However, since there exists the
possibility that the single-digit 2DLNS approximations for Dz and D w will not be perfect
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(generally when R is low) and overflow may occur during the multiplication with Dx , the 
solutions generated using the slide rule method will not be as accurate as the pure LUT 
method. This loss o f accuracy may be acceptable considering the silicon area saved.
If we carefully examine the contents of the example addition LUT, only 127 o f the 2048 
entries contain valid data. The remainder include factor representations for adding large 
numbers to small numbers; cases in which the sum is either one of the addends. These 127 
entries are made up of 32 unique values which represent the factors between 0.0 and 2.0 . 
It would seem that the slide mle method is not very efficient as there is a considerable 
amount of duplication in the LUT. In this case only 32 of the 2048 entries are required for 
computation. A better method can be found, however, to address these factors without so 
much duplication.
From the LNS equations, there is a direct relationship between the function inputs ( y - x )  
and outputs (as seen in Figure 4.1 and Figure 4.2). From this, the range of usable data can 
be determined and all other data can be removed to save silicon area. Unfortunately, an 
obvious relationship does not exist in the 2DLNS between the inputs ( y x- x  x and y 2 -  x2)
and outputs. If a relationship could be found, however, the LUT size could be further 
reduced.
4.4 Single Base Domain
To solve the problem of table size, we derive a direct mapping between the representations 
of a single-digit 2DLNS and base-2 LNS can be established. This is done by generating a 
new index, v or single-base domain (SBD), as shown in Equation 4.5, which is a 
combination o f both the single-digit 2DLNS indices.
2V = 2Xl • D*2 (4.5)
2DLNS Addition and Subtraction Single Base Domain
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Equation 4.5 can be manipulated through logarithms to obtain Equation 4.6.
v = Xj + x2 • log2 (Z)) (4.6)
Both Xj and x2 are integers, but v is a real number. To minimize the hardware
implementation o f v and all the connecting circuits, v should be represented in an integer 
form which can be done by using a modified fixed-point representation. Standard fixed- 
point representations use a limited number o f bits to represent the fractional part of a real
number (i.e., x = a + —  ). The data paths of the circuit are shifted by m bits so that the
2m
connecting arithmetic functions operate with the effective decimal point (i.e.,
x • 2 m = a - 2 m + b,  a and b in effect become a single word). In application specific 
fixed-point systems, the number of bits for the fractional representation is generally 
optimized for the particular application. This is done to minimize hardware but at a cost of 
some quantization loss in the representation especially if m is small. In the case of v, the 
product o f log2(Z>) and any integer will most likely have a considerable amount of
fractional significant digits in which case m will have to be large enough to accommodate 
them. It would be more efficient to use a non-base two modulus, or a rational
representation for the fractional part (i.e., x = a + — ) as the quantization error could be
m
reduced based on the proper choice o f m . This is equivalent to using modulo m arithmetic 
on b :
4.4.1 Choosing “m”
From Equation 4.7, only the log2{D) ■ m component controls whether v • m remains an 
integer for all the allowable values o f Xj and x2 . Therefore m should be chosen so that
v • m = Xj • m + x2 • log2(D) • m (4.7)
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log2(D) • m is near an integer, unfortunately infinite values o f m can satisfy this 
constraint. Since reducing silicon area is desirable, it is best to choose a small m to 
minimize the size of the modulo m arithmetic components. It is important to note that m
should be larger than 2  so that duplicate values of v ■ m are not generated for all 
allowable values of x x and x2 . Although larger values of m may generate duplicate values 
of v ■ m depending on the choice of D  (near any power of 2).
4.4.2 Single-Digit 2DLNS to Single-Digit Base
Once m has been chosen, an efficient hardware implementation is required to convert 
single-digit 2DLNS indices into a single-digit base index. Because o f the need for modulo 
m arithmetic components for the fractional part of v , both the integer and fraction parts 
will be separated into two words1: vh the high or integer component and v/ the low or 
fractional component.
v = vh ■ m + V[ (4.8)
An integer function and Equation 4.7 can be used to determine the SBD index from the 
core 2DLNS sequence.
v. = int((af + bf ■ log2(D )) ■ m) (4.9)
Table 4.1 shows the generated SBD index for D  = 3 , R = 3 and m = 46 ,
1. U n lik e  standard fix ed -p o in t representation  w h ere  both  in teger and fractional parts and their arithm etic are 
linked .
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Table 4.1: SBD Indices of the Core 2DLNS Sequence for D = 3, R = 3
and m = 46
a i bt I ' D ' v«
0 0 1 . 0 0 0 0 0 0 0 0 0 0 0
-3 2 1 . 1 2 5 0 0 0 0 0 0 0 8
5 -3 1 . 1 8 5 1 8 5 1 8 5 1 11
2 - 1 1 . 3 3 3 3 3 3 3 3 3 3 19
- 1 1 1 . 5 0 0 0 0 0 0 0 0 0 27
7 - 4 1 . 5 8 0 2 4 6 9 1 3 5 30
- 4 3 1 . 6 8 7 5 0 0 0 0 0 0 35
4 - 2 1 . 7 7 7 7 7 7 7 7 7 7 38
As the second base index in the single-digit 2DLNS sequence is a repeating sequence, the 
vt component will be equal to v- for all of the indices in the core 2DLNS sequence. The
vh component, or integer portion of v , is dependent on the first 2DLNS index only as its
base and the SBD base are both the same. The vh component will increment each time the
2DLNS sequence is repeated just as the first index would. Therefore, the vh component
for any set of 2DLNS indices is the difference between that first index and the associate 
core 2DLNS first index. Using these relationships, Table 4.1 can be reordered and 
referenced by the second index to find vt and compute vh for any set of single-digit 
2DLNS indices (see Table 4.2). This process can be easily implemented in hardware.
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Table 4.2: 2DLNS to SBD Conversion LUT for D  = 3, R = 3






1 - 1 27
2 -3 8
3 - 4 35
-4 7 30
-3 5 11
- 2 4 38
- 1 2 19
Example 4.1
Given a = 8 and b = -3  , find v using both Equation 4.9 and Table 4.2
Solution (Equation method)
• From Equation 4.9: v = int( ( 8  + (-3 )  • log2(E>)) • m) = int(149.2752) = 149
Solution (Table method)
• Looking up b = -3  in Table 4.2 returns v/ = 11 and vho -  5
• vh = a ~ vho = 8 - 5  = 3
• v = vh -m + vl = 3 - 4 6 +  11 = 138+ 11 = 149
4.4.3 Single-Digit Base to Single-Digit 2DLNS
The process of converting a set of single-digit 2DLNS indices into a single-digit base
index can be reversed using the same technique as in converting a binary value into single­
digit 2DLNS. The originating process uses a LUT referenced by the second 2DLNS index 
(b ) to obtain the SBD high component offset (vho) and the low component (v; ). The
reversed LUT will contain undefined entries along with a new entry to maintain the cyclic 
connectivity of the core 2DLNS sequence (see Table 4.3).
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Table 4.3: Preliminary SBD to 2DLNS Conversion LUT for D = 3, R = 3
and m = 46
Input Output
a or







19 - 1 2
I ? 7
27 1 - 1
i 7 7
30 - 4 7
7 7






The undefined entries are filled with the nearest single-digit 2DLNS approximation to 2m 
(see Table 4.4).
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Table 4.4: Complete SBD to 2DLNS Conversion LUT for D  = 3, R = 3





















4 - 4 7
32
33








In general, depending on the value of m , it may be inefficient to implement this table with
a LUT implementation as there will be only 2 + 1  unique outputs. Some memory
generators create memories with only 2n rows rather than the minimal o f m (a non-power 
of 2). A RALUT would implement this data more efficiently as it would only contain
2 ^ + 1  rows (see Table 4.5).
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Table 4.5: Complete SBD to 2DLNS Conversion RALUT for D  = 3, R  = 3






5 2 - 3
10 - 3 5
16 - 1 2
24 1 - 1
29 - 4 7
33 3 - 4
37 - 2 4
43 0 1
Example 4.2
Given vh = 3 and vl -  19, find a and b using Table 4.5 and verify with 
Equation 4.9.
Solution
• Looking up vl = 19 in Table 4.5 returns vho = 2 and b = -1
•  a  =  Vh +  Vho =  3 +  2 =  5
Verification
• From above: v = vh - m + vl = 3 - 4 6 +  19 = 138 + 19 = 157
• From Equation 4.9: v = int((5 + (-1 )  • log2(T>)) • m) = int(157.0917) = 157
4.5 Addition in the Single Base Domain
Equation 4.1 can be adjusted for the SBD by setting D = 2 and including m , as shown in 
Equation 4.10.
— — — y~
2 m - 2 m = 2m + 2m (4.10)
2DLNS Addition and Subtraction Addition in the Single Base Domain
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
73
University o f  W indsor
This can be simplified as shown in Equation 4.11.
z_ y - x
2m = 1 + 2 m (4.11)
Since the 2DLNS represents numbers nearest to 1 most efficiently, approximations to
y - x  y - x
1 + 2  m are more accurate when x > y  as this limits 2  m < 1 forcing the approximation 
to be between 1 and 2 . Determining whether x > y  is easy because only the SBD index of 
x and y  need be compared to each other. By always selecting the larger addend (in 
magnitude only) for x,  the unsigned value of x —y  can be used to address a table 
providing all the solutions for Equation 4.11.
4.5.1 Computing the Addition Table
£
Generating the addition table by simply finding the nearest SBD approximation to 2m 
may still generate result inaccuracies once converted back to 2DLNS indices. To avoid the 
need for correctional hardware more accurate tables can be generated which will 
guarantee perfect results. This is a simple method o f computing the multiplying factor 
from the sum for all the possible combinations of addends for a particular m.  An 
inaccuracy occurs when two different factors occupy the same entry in the table ( x - y ) .  
When this happens, the process is restarted for the next good value o f m .
Minimizing the Search Space
Generating factors based on all the possible addends can be a consuming process; however 
not all the combinations of addends need to be considered. Since the index of the first base 
and the high component of the SBD are both 2 and related, any multiple o f 2 applied to the 
addends will also apply to the sum. Therefore, all o f these duplicates from the total search 
space can be omitted (e.g., 1 + 2  = 3 and 2 + 4 = 6  are duplicates). The cases where
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one addend is considerable larger than the other can also be omitted since the multiplying 
factor is 1. The point where the factor becomes 1 can be approximated from the 
difference in the core 2DLNS sequence indices (see Table 4.6). From this table, the 
nearest multiplying factor to 1.0 is 1.0534979 for this single-digit 2DLNS. Due to 
rounding, the mid-point between these two values, 1.02674895 , should be chosen as the
y-x
omission point. Since the multiplying factor is an approximation of 1 + 2 , the 1.0 can
y  _
be subtracted from both sides and  ----  can be solved as
m
¥—-  = log20.02674895 = -5.2244 or -—^ = 5.2244. For this case, if  the difference 
m m
between the two SBD indices exceeds 5.2244 then addition is not required since the larger 
addend is dominant.
Table 4.6: Differences in the Core 2DLNS Sequence Indices for D  = 3




a i +  1 
~ a i ~ b i
2«/+ 1 ~ «/ . + \ ~ b<
0 0 1 . 0 0 0 0 0 0 0 0 0 0 - 3 2 1 . 1 2 5 0 0 0 0 0 0 0
- 3 2 1 . 1 2 5 0 0 0 0 0 0 0 8 - 5 1 .  0 5 3 4 9 7 9 4 2 9
5 - 3 1 . 1 8 5 1 8 5 1 8 5 1 - 3 2 1 . 1 2 5 0 0 0 0 0 0 0
2 - 1 1 . 3 3 3 3 3 3 3 3 3 3 - 3 2 1 . 1 2 5 0 0 0 0 0 0 0
- 1 1 1 . 5 0 0 0 0 0 0 0 0 0 8 - 5 1 . 0 5 3 4 9 7 9 4 2 9
7 - 4 1 . 5 8 0 2 4 6 9 1 3 5 - 1 1 7 1 . 0 6 7 8 7 1 0 9 3 8
- 4 3 1 . 6 8 7 5 0 0 0 0 0 0 8 - 5 1 . 0 5 3 4 9 7 9 4 2 9
4 - 2 1 . 7 7 7 7 7 7 7 7 7 7 - 3 2 1 . 1 2 5 0 0 0 0 0 0 0
1 0 2 . 0 0 0 0 0 0 0 0 0 0 - - -
By removing duplicate and dominant addends from the table generator, the number of 
calculations can be reduced considerably so that the table can be generated in a finite time.
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Table Redundancy
When each entry in the table is generated, the corresponding factor is really a range of 
factors since m introduces redundancy in the addition calculation. From Table 4.5 for 
m = 46 an SBD index of 0 , 1, 2 , 3 or 4 represents a multiplying factor of 1.0. So if 
the addition table entry is required to have a multiplying factor o f 1 .0 , the entry could be 
between 0 and 4 . Unfortunately, as the tables are generated some addend combinations 
may reduce the factor range. If a factor is found to be outside an existing range then the 
choice of m is not adequate to generate a perfect table and the process begins again for the 
next good value of m . Table 4.7 shows (in three columns) the complete addition table for 
R = 3 , D = 3 and m = 46 . No other lower value of m could be chosen to generate a 
perfect table. This table ranges from 0 to 298 but only contains 99 elements. To 
minimize the table output the average of the two factors will be used to generate a 299 x 6  
LUT.
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Table 4.7: Complete Addition LUT for D  = 3, R = 3 














0 45 47 100 13 13 203 3 4
3 41 48 103 13 13 206 3 4
5 40 47 108 10 15 208 2 7
8 41 43 111 10 12 2 1 1 2 4
11 41 42 114 7 12 214 3 4
16 37 39 116 8 15 2 1 9 2 4
19 37 39 119 10 12 222 3 4
22 32 39 122 10 12 2 2 5 0 2
24 35 39 127 8 9 2 27 2 5
27 33 34 130 7 9 2 3 0 2 2
30 32 36 133 7 12 233 0 2
35 29 31 135 8 9 2 35 2 7
38 29 31 138 8 9 2 38 2 4
41 26 31 1 41 7 12 2 4 1 0 2
43 27 28 143 2 7 2 46 0 1
46 27 28 1 46 6 7 2 4 9 0 1
49 26 31 1 49 7 9 2 52 0 2
51 21 26 154 6 7 254 0 1
54 24 24 157 6 6 257 0 1
57 24 25 1 60 5 6 2 6 0 0 2
62 21 23 162 2 7 2 6 5 0 1
65 21 21 165 5 5 2 68 0 1
68 21 21 168 5 6 2 7 1 0 2
70 16 20 173 5 5 273 0 1
73 18 20 176 5 5 2 76 0 1
76 18 20 1 79 3 6 2 7 9 0 2
81 16 17 181 2 5 2 8 1 0 1
84 16 17 184 3 5 2 84 0 1
87 13 20 187 3 4 2 8 7 0 2
89 16 20 1 89 2 7 292 0 1
92 14 15 192 2 4 2 9 5 0 1
95 13 17 195 3 4 298 0 2
97 8 15 2 00 2 4 - - -
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Table Reduction
Since only 98 of the 299 entries of the table are used, this LUT could easily be directly 
implemented into an RALUT to reduce its size (98 x 6  RALUT). This is a 300 percent 
savings in area but it is possible to achieve additional reduction by merging adjacent table 
entries. From Table 4.7 entry 0 to 5 contains a common factor range of 45 to 47, entry 8 to 
11 contains the common factor range of 41 to 42 and so on. After completing this process 
of merging for all the entries in the table, the final range of factors for each row is averaged 
to create a single output. For this example, the 299 x 6  LUT can be reduced into a 20 x 6  
RALUT (see Table 4.8).
Table 4.8: Complete Addition RALUT for D = 3, R = 3
and m = 46
x ~ y Factor x - y Factor x —y Factor x - y Factor
0 46 43 28 92 15 157 6
8 42 51 24 100 13 165 5
16 38 62 21 1 11 11 187 4
27 34 70 19 127 9 225 2
35 30 81 17 143 7 246 1
For hardware implementation, the RALUT inputs and outputs would be in component 
form as it is more efficient (see Table 4.9).
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Table 4.9: Complete Component Addition RALUT for D  = 3, R  = 3
and m — 46









0 0 1 0 2 0 0 15
0 8 0 42 2 8 0 13
0 16 0 38 2 19 0 11
0 27 0 34 2 35 0 9
0 35 0 30 3 5 0 7
0 43 0 28 3 19 0 6
1 5 0 24 3 27 0 5
1 16 0 21 4 3 0 4
1 24 0 19 4 41 0 2
1 35 0 17 5 16 0 1
4.5.2 The Complete Structure
The complete architecture for a single-digit 2DLNS addition is shown in Figure 4.3. It can 
be easily implemented in a pipelined structure.
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Figure 4.3 : Single-Digit 2DLNS Adder Structure
First Digit Second Digit















( a , b )
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Example 4.3
In 2DLNS, find the sum of a x = 2 , b l = 1 ( 1 2 ) a n d a 2 = 0 , b 2 = 3 (27).
Solution
• Find SBD of first digit from Table 4.2: vhl = 3 and vlx = 27
• Find SBD of second digit: vh2 = 4 and vl2 = 35
• Second digit is larger, digits are reordered: vh] = 4 , vn = 35 , vh2 = 3 and
vl2 = 27
• Find SBD difference: vt = vn - v l2 = 3 5 - 2 7  = 8  (modulo 46) borrow  = 0
and vh = vhl — vh2 -  borrow = 4 - 3 - 0  = 1
• Lookup vh and vl in Table 4.9: f h = 0 and /) = 24
• Add fi to vn and f h to vhX: vt = vn + /)  = 35 + 24 = 13 (modulo 46) and
carry  = 1, vh = vhx + f h + carry  = 4 + 0 + 1  = 5
• Find 2DLNS of the sum from Table 4.5: vho = 5 and b = -3
• a = vh + vho = 5 + 5 = 1 0
• The 2DLNS sum is 2 10 • 3“ 3 = 37.925
• The actual sum is 12 + 27  = 39 (A = 1.074)
Verification
• 1 0 - 3  2 2The two nearest 2DLNS approximations to 2 -3 are 2 ■ 3 = 36 (A = 3)
and 2? • 3~* = 42.2 (A =  3.2)
•
10 - 3  ------
2 - 3  = 37.925 is the best solution
4.6 Subtraction in the Single Base Domain
Equation 4.2 can also be adjusted for the SBD by setting D = 2 and including m , as 
shown in Equation 4.12.
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x_ w x_ y_
(4.12)
w y - x
2 m =  1 - 2  m
As in addition, if  x > y  then 1 - 2  would be between 0 and 1, a range which is ideal 
for 2DLNS. Selecting the larger of the two indices is simple since they are in the SBD 
index form, just as in addition. The table for subtraction will also be referenced by the 
unsigned value of x —y.
4.6.1 Computing the Subtraction Table
The process of generating the subtraction table is similar to that of the addition table. Once 
the perfect addition table is found (the correct m ) the subtraction table should be 
generated using the same m . By using the same m some hardware can be shared between 
the addition and subtraction circuits. It is possible that the m for the addition table will not 
generate a perfect subtraction table. A larger m most likely exists which will generate 
perfect tables for both addition and subtraction. Once the subtraction table is generated, it 
can also be reduced and implemented in an RALUT. For the sample values of R = 3 , 
D ~ 3 and m = 46 , the subtraction table ranges from 0 to 298 and has 97 entries 
which can be implemented in a 299 x 9 LUT. The RALUT implementation reduces this 
table size down to a 35 x 9 RALUT (see Table 4.10). The subtraction RALUT contains a 
special first entry to minimize the logic to compensate for the condition when the SBD 
index difference is zero. This RALUT is larger than that of the addition since the 2DLNS 
represents values between 0  and 1 more accurately (i.e., more representations) than 
values between 1 and 2 .
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Table 4.10: Complete Component Subtraction RALUT for D = 3 ,R  = 3
and in = 46









0 0 7 46 i 24 0 27
0 3 4 12 i 30 0 25
0 5 4 1 i 38 0 22
0 8 3 8 i 41 0 20
0 11 2 32 2 0 0 19
0 16 2 13 2 8 0 16
0 19 2 0 2 19 0 14
0 22 1 36 2 27 0 13
0 27 1 27 2 35 0 11
0 30 1 18 3 0 0 8
0 35 1 14 3 19 0 6
0 38 1 8 3 24 0 9
0 41 1 3 3 27 0 6
1 0 1 0 3 30 0 5
1 3 0 43 4 11 0 3
1 8 0 40 5 0 0 2
1 11 0 35 5 19 0 1
1 19 0 32 - - - -
4.6.2 The Complete Structure
The complete structure for a single-digit 2DLNS subtraction is shown in Figure 4.4. It can 
also be implemented in a pipelined structure.
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Figure 4.4 : Single-Digit 2DLNS Subtractor Structure 
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Example 4.4;
In 2DLNS, find the difference between a l = 4,  b x = 2 (144) and a2 = 13, 
b2 = - 4  (101.135).
Solution
• Find SBD of first digit from Table 4.2: vhl = 7 and vn = 8
• Find SBD of second digit: vh2 = 6  and vl2 = 30
• First digit is larger, no reordering necessary
• Find SBD difference: = vn - v l2 = 8 -  30 = 24 (modulo 46) borrow -  1
and vh — vhX — vh2 —borrow  = 7 - 6 - 1  = 0
• Lookup vh and vt in Table 4.10: f h = 1 and = 36
• Subtractionf\ from v/( and f h from vhx: v/ = vn - j ]  = 8 - 3 6  = 18 (modulo
46 ) and borrow = 1, vh = vh x - f h -  borrow  = 7 - 1 - 1  = 5
• Find 2DLNS of the difference from Table 4.5: vho = 2 and b = — 1
•  a  =  v h +  v ho =  5  +  2  =  1
• The 2DLNS sum is 2 7 • 3_1 = 42.6
• The actual sum is 144-101.135 = 42.865 (A = 0.198)
Verification
7 - 1  10 -------•  The two nearest approximations to 2 -3 are 2 -3 = 37.925 (A = 4.94)
and 24 • 3 1 = 48 (A = 5.135)
7 - 1• 2 - 3  = 42.6 is the best solution
4.7 Single-Digit 2DLNS Addition/Subtraction
Both the adder and subtractor circuits share many common components. If m is the same 
in both the addition and subtraction tables the circuits can be merged to create a full adder/ 
subtractor circuit by sharing common components. With the addition o f a multiplexer and 
some logic to determine the operation and output sign, the full circuit can be realized (see 
Figure 4.5).
2DLNS Addition and Subtraction Single-Digit 2DLNS Addition/Subtraction
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
85
University o f  Windsor
Figure 4.5 : Single-Digit 2DLNS Adder/Subtractor Structure

























(a,b) ( s )
4.8 Two-Digit 2DLNS Addition/Subtraction
The single-digit 2DLNS addition/subtraction circuit can be extended to operate with more 
digits, however there are some practical limitations. In general there can be many 
combinations to adding/subtracting four values together. In 2DLNS, finding the best 
approximation can be compared to performing a brute-force binary to four-digit 2DLNS 
conversion; a very lengthy and impractical process. To simplify the implementation, a 
greedy approach is taken which orders (in magnitude) the four digits and adds/subtracts 
the largest two digits together and smallest two digits together (see Figure 4.6). The 
ordering is important since larger values are not approximated as well as small values in 
2DLNS. The accuracy of the sum/difference operation is generally better by adding/
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subtracting digits which are relatively similar in magnitude compared to adding/ 
subtracting the digits in any order.
Figure 4.6 : Two-Digit 2DLNS Adder/Subtractor Structure 
First Digit Second Digit Third Digit Forth Digit





2DLNS 2DLNS ; 2DLNS
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(s,) { a 2 , f>2 )  { s j
First Sum/Difference Digit Second Sum/Difference Digit
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4.9 2DLNS Addition/Subtraction with Quantization 
Error Recovery
Using the single-digit 2DLNS addition/subtraction process, described above, operates 
well for finding the nearest 2DLNS sum/difference between two or more 2DLNS digits. 
However, in system architectures (e.g., Multiply and Accumulate (MAC), in FIR filters) 
where a large number of addition/subtraction operations occur there can be a considerable 
loss in numeric accuracy if this process is continuously used. This is due to the nature of 
single-digit 2DLNS as the solutions will be quantized to fit in the 2DLNS domain. This is 
evident from the SBD index to 2DLNS indices mapping process. From Table 4.4, the 
larger m becomes the more the loss will be when mapping back to 2DLNS indices. Since 
this part of the process generates the loss in accuracy, the process can be modified to 
reduce the usage of this component in order to implement architectures where this loss is a 
large concern.
For example, to implement a MAC, one of the 2DLNS to SBD mappers on the input can 
be removed and the output, prior to the SBD to 2DLNS mapper, would be fed back into 
the SBD comparator. The SBD to 2DLNS mapper need only be used to find the final 
2DLNS representation (see Figure 4.7).
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Figure 4.7 : 2DLNS MAC Structure
Input Digit Input Sign































Digit \ a , b )
Accumulated 
Sign (j)
For architectures where the addition/subtractions are not performed “back to back”, the 
output prior to the SBD to 2DLNS mapper can be stored and loaded back into the SBD 
comparator when needed.
Although both of these instances can reduce the use of the SBD to 2DLNS mapper, the 
accuracy remains flawed because of the contents of the addition and subtraction tables. 
These tables are generated by computing the factors for all the possible 2DLNS addend 
combinations in their SBD form. Therefore the tables will only generate the best 2DLNS 
solution not the best SBD solution. The table generation procedure then needs to be 
modified to improve the addition/subtraction table accuracies.
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One possible method includes using the full SBD range for one of the addends 
(accumulation digit) in the table generation process, effectively removing any redundancy 
for computations with that addend. This introduces many table inconsistencies which need 
to be corrected to create perfect tables. We have developed a procedure to try all the 
possibilities in order to correct the tables, however, this procedure is computationally 
intensive and has only created perfect tables in instances where R is small. The software 
code for this procedure is included in the appendices and the improvement of its 
performance is left to future work.
A simpler solution is to use a larger R,  R( , for one of the addends (again the accumulation 
digit) during the generation of the tables. The SBD to/from 2DLNS mappers can use the 
original R but with the newly computed m , mi , for the Rf tables. This concept is similar 
to using larger internal bit widths than the inputs in binary systems to increase the output 
accuracy. The main advantage of using a larger R is that the table generation time remains 
fast and the tables are still relatively small (see Table 4.11).
Table 4.11: Varying Addition/Subtraction Tables Sizes 






3 46 20 35
4 70 42 58
5 1 5 2 67 1 0 0
6 4 5 3 1 1 3 1 6 1
7 7 7 1 2 1 9 3 0 7
8 1 6 3 6 3 7 9 6 0 2
In order to maintain accuracy, the feedback or stored SBD output must be remapped into 
sane values before going back into the SBD comparator. This is necessary because the 
tables were generated under the assumption that the input combinations are SBD indices 
derived from 2DLNS indices. This remapping can be done by using an SBD to 2DLNS 
mapper directly connected to a 2DLNS to SBD mapper (both generated using /?•). To
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reduce hardware implementation resources further both of these mappers can be combined
into a single SBD to sane SBD mapper (RALUT with 2  ' + 1 entries, see Figure 4.8) 
which eliminates the 2DLNS representation all together.
Figure 4.8 : 2DLNS MAC with Accuracy Correction
































Digit (a , b ) Sign (5)
4.10 Extending to More Bases
The primary focus o f this work has been to develop methods to perform difficult 
operations in multi-digit 2DLNS. Although extending to move bases is possible with the 
conversion methods introduced in this thesis, this has not been considered for addition or
2DLNS Addition and Subtraction Extending to More Bases
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subtraction, but rather left for future work.
4.11 2DLNS Magnitude Comparison
Since the SBD directly relates to the magnitude o f a single-digit 2DLNS representation, 
the SBD index can be used in magnitude comparisons.
4.11.1 Single-Digit 2DLNS
For single-digit 2DLNS, the SBD indices of two or more representations can be easily 
compared to find their relative magnitudes.
4.11.2 Multi-Digit 2DLNS
For multi-digit 2DLNS, there is no simple method to compute the magnitude as there can 
be many combinations for a multi-digit representation. In order to perform an accurate 
comparison each multi-digit 2DLNS representation must be converted into a single-digit 
2DLNS representation by summing all the digits together. Once this is done, their SBD 
indices can then be compared.
In terms of hardware implementation, the magnitude comparison alone would consume a 
number of resources. However if merged with an existing adder/subtractor module, 
magnitude comparison would require very few extra resources.
4.12 Summary
This chapter has introduced a hardware realizable method of performing single-digit 
2DLNS addition and subtraction which generates the same solutions as with the pure LUT 
method. For the example shown the pure LUT (1048576 x 10) is replaced by 2 RALUTs 
(20 x 6  and 3 5 x 9 )  and supporting logic; a considerable savings. Even in comparison to 
the slide rule method (4096 x 11) which does not guarantee a perfect solution, the
2DLNS Addition and Subtraction 2DLNS Magnitude Comparison
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presented method is much more favorable.
The appendices contain software and HDL code for implementing both single and two- 
digit 2DLNS addition/subtractions components. All the components are pipelined to 
provide solutions every cycle, but due to modern synchronous memory interfacing the 
minimum latency is 4 cycles. An extra 2 cycle latency may be added to reduce excessive 
switching and therefore power.
A potential future design could integrate the addition/subtraction and magnitude 
comparisons along with multiplication and division into a single 2DLNS ALU.
2DLNS Addition and Subtraction Summary







During the time in which the binary to MDLNS converter and 
addition/subtraction components were being developed and 
generalized, other potential improvements were discovered. Upon 
further investigation, it was found that these seemingly minor 
improvements could in fact enhance MDLNS performance 
considerably.
This chapter introduces the concepts of efficient bases which can 
reduce data path widths, optimal bases which can increase the 
accuracy of the 2DLNS representation without increasing R or the 
number of digits, and table reduction which can reduce the silicon 
area for single-digit 2DLNS representations.
To prove the RALUT feasibility, this chapter also details a 
preliminary implementation of a RALUT dynamic address decoder 
using modem memory design techniques.
5.2 Efficient Bases
When implementing any MDLNS structure in hardware, the
MDLNS Improvements and RALUTs Introduction
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representation of the indices must be calculated to ensure the most optimal use of 
resources. Using the core 2DLNS sequence range restrictions, a relationship between the 
first and second index in single-digit 2DLNS can be established.
The core 2DLNS sequence range is limited as shown in Equation 5.1.
l < 2 a D b < 2  (5.1)
By taking logarithms we can represent the sequence range as shown in Equation 5.2.
0 < f l - l n ( 2 )  + 2>- l n(D)<l n(2)  (5.2)
From Equation 5.2 we obtain the limits on the binary exponent, as shown in Equation 5.3.
< a < \ - b -  (5.3)
ln (2 ) ln (2 )
Since the range of b is known from R , the value o f a can be found for all valid values of 
b . From this, the integer range of a (for 2DLNS values between 1 and 2) can be found 
from the maximum and minimum values of b . The binary word length o f the usable 
2DLNS range, Q,  is added to the maximum integer range of a (for 2DLNS values 
between 1 and 2) to find the total range o f a . Example 5.1 provides further explanation.
MDLNS Improvements and RALUTs Efficient Bases
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Example 5.1   ' ''
Find the bit width for a in a 10 bit unsigned integer system ( Q = 10) with D = 3 , 
R = 3
Solution
• For b = 2R 1 -  1 = 3 , a > -3  • or a > -4.75 or a = -4
• For b = - 2 R 1 = - 4 ,  a > 4 • or a > 6.34 or a = 7
ln (2 )
• Therefore a will range from - 4  to 7 for 2DLNS values between 1 and 2
• For a 10 bit unsigned system, a will range from -4  to 7 + 10 or 17
• A bit width of 6  (-32  to 31) will be required to represent a signed integer between 
- 4  and 17
To potentially reduce the number of bits for the integer hardware implementation of a,  a 
must be minimized. From Equation 5.1 a is related to b with the factor of
ln(2)
therefore ln(£>) is the target for minimization. Since the factor has a denominator of 
In (2) ,  any multiple of 2 on D  will produce the same 2DLNS tables (for conversion, 
addition, subtraction, etc.). The function ln(x) will be the smallest when x is closest to 1. 
The optimal range of D  can thus be found by relating the ln(x) (which is above 1) with
the (which is below 1 ).
Setting ln(x) = -In f ^ j we obtain:
= J2  (5.4)
J2  y
Therefore the optimal range of D  is between —  or —  and J 2 . The same result can be
2  V2
MDLNS Improvements and RALUTs Efficient Bases
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found by relating the ln ( 2  • x) (which is above 1 ) with the ln(x) (which is below 1 ).
Thus we set In(2 • x) = - ln (x )  which yields:
x = - +  (5.5)
J l
Example 5.2
Find the optimal bit width for a in a 10 bit unsigned integer system ( Q = 10) with 
D = 3 , R = 3
Solution
1 3• D  must be between —  and J l , therefore D = -  = 0.75
J l  4
• For b = 1R 1 — 1 = 3 , <3 > —3 - or a > 1.25 or a = 2
ln (2 )
• For b -  - 1 R 1 = - 4 ,  a > 4 ■ or a > - 1 . 6 6  or a = -1
ln (2 )
• Therefore a will range from -1  to 2 for 2DLNS values between 1 and 2
• For a 10 bit unsigned system, a will range from -1  to 2 + 10 or 12
• A bit width o f 5 (-1 6  to 15) will be required to represent a signed integer between 
- 1  and 12
By limiting D  not only is it possible to reduce the width of the first index data path, B , but 
also the first index in the outputs of the tables used in conversion, addition and subtraction.
5.3 Optimal Bases
The choice of using D  = 3 in all the examples thus far is based on the legacy o f 2DLNS 
to index calculus DBNS. Having the second base at 3 may not be optimal for some 
applications (e.g., digital filters, specific integer ranges). Increasing R can improve the
MDLNS Improvements and RALUTs Optimal Bases
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accuracy of the 2DLNS representation, but it conies at the cost of doubling the hardware 
area of many of the supporting tables. By simply adjusting D  so that a particular set of 
values can be represented very well (e.g., coefficients in a digital filter) the accuracy of a 
2DLNS representation for particular systems can be considerably increased with no 
additional hardware.
The process to find a general optimal base for a given set of values is to use difference 
bases, D , to find the minimal error or score between the set of values and their MDLNS 
approximations. The value of D  which returns the smallest overall error is considered to 
be the optimal base. The method by which the MDLNS approximations are made (quick, 
high/low, brute force) will impact the computational time.
5.3.1 Single-Digit 2DLNS
For single-digit 2DLNS, there are two methods which can be used to determine the 
optimal base. Both methods find or generate numerous coarse estimates which are then 
finely adjusted to locate the most optimal base.
Range Search
It has been shown that the most efficient bases for hardware implementation lie between 
- jr  and J l . This limitation offers a practical beginning and ending point for a range
search. To improve computational time, a dynamic incrementer, which analyzes the 
change in the score, is used to optimally control the test points for the base from beginning 
to end. The dynamic incrementer increases as it finds linearity in resulting scores or 
doubles back and decreases when the score become inconsistent. Each time a better result 
or score is found it is added to a running list o f “best scores”. Once the whole range has 
been processed, each element in this list is finely adjusted (see below) to find the optimal 
base.
MDLNS Improvements and RALUTs Optimal Bases
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Algorithmic Search
Using the assumption that the optimal base represents one o f the values in the optimizing 
set with virtually no error, then that optimal base can be found by solving for the base from 
the single-digit 2DLNS expression:
A candidate base is generated for each value in the optimizing set, x,  and for all the 
allowable values of b which depend on R . The first base exponent, a , can be limited by 
the second base exponent, b , since exceeding it will only generate bases with multiples of 
2. Many bases will be found from this expression; however, the candidates which generate 
the best scores will be finely adjusted until the optimal base is found.
5.3.2 Fine Adjustment
Once an optimal base candidate has been chosen, it is adjusted by progressively smaller 
values in an attempt to improve its score. Optimal base calculation processing times are 
drastically improved by initially performing coarse calculations to find favorable 
candidates before concentrating on improving their accuracy.
5.3.3 Performance Comparison
Table 5.1 shows the computation times1, and a generalized approximation, for generating 
the single-digit 2DLNS optimal base using the range and algorithmic search methods for 
127 evenly separated values between 1 and 2 with different values o f R . Both methods 
generate the same optimal base, but the range search method is much faster than the
1. T im e in se c o n d s  running on a 7 5 0 M H z  6 4 -B it  U ltraSparc P rocessor; E x ecu tio n  tim es w ill gen era lly  be 
better  o n  3 2 -b it  x 8 6  and PPC  sy stem s.
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algorithmic search method because the dynamic incrementer eliminates excessive 
computations.




Range Search Algorithmic Search
2 1 1 8 . 2 5
3 2 7 4 . 1 3
4 5 41 2 . 07
5 24 212 1 . 0 3
6 116 1 1 6 5 0 . 5 1 6
7 263 6863 0 . 2 3 4
G e n e r a l i z e d  
A p p r o x i m a t  i o n (0.317 R)R (0.505 ■ R)R
-
5.3.4 Multi-Digit 2DLNS
For two or more digit 2DLNS only range search method can be applied to find the optimal 
base. The dynamic incrementer is very important in the process since the score from test 
point to test point varies considerably. This in turn impacts computation time greatly.
5.3.5 Performance Computations
Table 5.2 shows the computation times along with a generalized approximation, and the 
absolute error for generating the two-digit 2DLNS (more digits are possible) optimal base 
using the range search with different approximation methods for the same values as the 
single-digit case above. The table demonstrates the relative relationships between the cost 
and performance of each method. The optimal base tools can aid in determining the most 
efficient R , number o f digits and possible conversion method for a particular application.
MDLNS Improvements and RALUTs Optimal Bases
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Table 5.2: Two-Digit Optimal Base Computation Times for 127 Values
R
Computation Time and Absolute Error
Quick High/Low Brute-0 Brute-1
1 1 1 5A
0 . 3 0 1 0 . 2 0 5 0 . 1 6 5 0 . 1 4 2
2 3 13 44A
0 . 0 7 4 2 0 . 0 5 2 0 0 . 0 3 0 9 0 . 0 2 4 8
3 13 119 4 9 0
0 . 0 1 5 6 0 . 0 0 9 5 3 0 . 0 0 4 3 4 0 . 0 0 2 6 3
26 89 1573 5 5 8 8O
0 . 0 0 4 0 6 0 . 0 0 2 8 0 0 . 0 0 0 4 8 0 0 . 0 0 0 3 5 2
213 636 1 9 8 8 7 7 0 4 4 5D
0 . 0 0 1 0 6 0 . 0 0 0 7 8 9 0 . 0 0 0 0 4 2 7 0 . 0 0 0 0 5 5 4
14 8 8 4 4 3 6 2 6 0 2 5 4 8 9 9 4 5 6/
0 . 0 0 0 2 4 1 0 . 0 0 0 1 9 2 0 . 0 0 0 0 1 6 6 0 . 0 0 0 0 1 0 6
G e n e r a l i z e d  
A p p r o x i m a t  i o n (0.406 • R ) R (0.475 • R f (0.849 • R f (1 .015 - R ) r
An interesting result in Table 5.2 shows the Brute force level 0 method obtaining a more 
accurate result than the level 1 method for R  = 6 . This is unusual since level 1 includes 
level 0 calculations. This discrepancy can be explained by the fact that the tolerance of the 
dynamic incrementer for both optimizations is the same. This tolerance should be 
decreased when dealing with methods that can create many 2DLNS representations (i.e., 
brute force level 0 and up). This adjustment will significantly impact optimization time.
5.3.6 Error-Free Input Data Mapping
With optimal bases, error-free input data mapping can be significantly improved (see 
Table 5.3). Some of these error-free bit range can be increasing by decreasing the search 
tolerance or the approximation method (i.e., higher brute force level).
MDLNS Improvements and RALUTs Optimal Bases
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Table 5.3: Error-Free Bit Ranges for Various Digits and Index Ranges
Digits Second Base Bits
Unsigned Error-Free Bit 
Range
2 1 5 ( 3 2 )
2 2 7 ( 1 2 8 )
2 3 9 ( 5 1 2 )
2 4 11  ( 2 0 4 8 )
2 5 13  ( 4 0 9 6 )
3 1 9 ( 5 1 2 )
3 2 12  ( 4 0 9 6 )
3 3 15  ( 3 2 7 6 8 )
3 4 18  ( 2 6 2 1 4 4 )
5.3.7 FIR Filter Example
Since the computation of an optimal base can require a considerable amount of 
calculations, a full step-by-step example can not be shown. The following example will 
shown only the results in order to demonstrate the advantages of optimal bases.
Example 5.3
Design a FIR filter with the following specifications:
- An order of 53
- Pass band from 0 to 0.4 (normalized frequency)
- Stop band from 0.6 to 1.0 (normalized frequency)
Show the filter response when the coefficients have been mapped from ideal floating 
point to 2DLNS with the classic base of 3 and the 2DLNS with an optimal base.
Do this for single-digit 2DLNS with (R = {7, 8 , 9} and two-digit 2DLNS with
R = { 2 ,3 ,4 } _______________________________________________________________
Solution
• See Figure 5.1, Figure 5.2, and Figure 5.3 for the single-digit 2DLNS responses
• See Figure 5.4, Figure 5.5, and Figure 5.6 for the two-digit 2DLNS responses
MDLNS Improvements and RALUTs Optima! Bases
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5.4 Single-Bit Sign and Zero Representation
Classic index calculus DBNS uses two bits to represent the sign for each digit ( - 1 ,  0 and 
1). There are only three of four states used, one of which (zero) only represents a single 
representation. Using two sign bits results in having nearly 50 percent of the 
representation space unused (see Equation 5.7).
2 l+R + B + l
va l idrepresen ta t ionsra t io  = — 2  +r  + b  S  (5-7)
To improve this ratio, only a single bit is needed to represent the mostly used cases (-1  
and 1). Zero can be represented in two ways, either using both indices with the nearest 
2DLNS representation to zero or only the most negative second index. Using the second 
index only is found to reduce circuitry as it maintains the independent processing of the 
indices and it easily integrates into the existing two-bit sign architecture. This special case 
for zero also reduces the representation space but not at the same cost as using a two-bit 
sign. As R increases the valid representations ratio approaches 1 (see Equation 5.8).
21 +  B 2R -  1
va l id represen ta t ionsra t io  = 1 ---- \ + r '+~b = — ~  (5-8)
With the single-bit sign system the range of the second base changes from
b = { - 2 R \  ..., 2R 1 -  1 } to b = { - 2 R 1 + 1 , ..., 2R 1 -  1 } with a special case of 
R — 1b = -2  representing zero. Now that the upper and lower bounds of the second index 
are equal the optimal base linear search range can be reduced by half (from to 1 . 0  or
V 2
from J2. to 1 . 0  ) eliminating any reciprocal computations.
MDLNS Improvements and RALUTs Single-Bit Sign and Zero Representation
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5.5 Table Reduction for Conversion
For small values of R,  the binary to 2DLNS conversion systems works very well. 
However, each time R increases the RALUT doubles as its size is exponentially related to
R (2 + 1  entries). Although it may be more practical from a hardware point of view to 
use a small R (multi-digit 2DLNS system) over a large R (single-digit 2DLNS system), 
the scaling problem should be addressed for situations where single-digit systems may be 
required.
Since the core sequence of single-digit 2DLNS values are related by only a few 
multiplying factors, it is possible to subdivide this one dimensional series of values into a 
n dimensional matrix. The division process operates in the single base domain (SBD) 
because the multiplying factors are distributed more regularly (see Table 5.4).
Table 5.4: Core 2DLNS Sequence for D  = 3, R  = 3 and m = 46
2°' • D bi ai bi A a A b vt
1 . 0 0 0 0 0 0 0 0 0 0 0 0 - 3 2 0
1 . 1 2 5 0 0 0 0 0 0 0 - 3 2 8 - 5 8
1 . 1 8 5 1 8 5 1 8 5 1 5 - 3 - 3 2 11
1 . 3 3 3 3 3 3 3 3 3 3 2 - 1 - 3 2 19
1 . 5 0 0 0 0 0 0 0 0 0 - 1 1 8 - 5 27
1 . 5 8 0 2 4 6 9 1 3 5 7 - 4 - 1 1 7 30
1 . 6 8 7 5 0 0 0 0 0 0 - 4 3 8 - 5 35
1 .  7 7 7 7 7 7 7 7 7 7 4 - 2 - 3 2 38
The multiplying factors sequence, starting at 1.0, are compared with those indexed by an 
incrementing offset, via the SBD, until similarities are found. Once a consistent series of 
multipliers are found, a two dimensional matrix is generated (see Table 5.5 - completely
MDLNS Improvements and RALUTs Table Reduction for Conversion
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empty rows have been removed).
Table 5.5: SBD Indices in a Two Dimensional Matrix for D  = 3, R = 3
and m - 4 6
Row
Column ( a , b )
1 . 0 0 0 0 0 0 0 0 0 0
( 0 , 0 )
1 . 3 3 3 3 3 3 3 3 3 3
( 2 , - 1 )
1 .  7 7 7 7 7 7 7 7 7 7  
( 4 , - 2 )
1 . 0 0 0 0 0 0 0 0 0 0 0 ( 0 , 0 ) 19 ( 0 , 0 ) 3 8  ( 0 , 0 )
1 . 1 2 5 0 0 0 0 0 0 0 8 ( - 3 , 2 ) 2 7 ( - 3 , 2 ) ( - 3 , 2 )
1 . 1 8 5 1 8 5 1 8 5 1 11 ( 5 , - 3 ) 30 ( 5 , - 3 ) ( 5 , - 3 )
1 . 2 6 5 6 2 5 0 0 0 0 - ( - 6 , 4 ) 3 5 ( - 6 , 4 ) ( - 6 , 4 )
The core 2DLNS sequence can be generated from this two dimensional matrix simply by 
multiplying all the column and row entries together (or adding the indices).
5.5.1 Binary to Single-Digit 2DLNS
To use this reduced table in binary to single-digit 2DLNS conversion, the normalized 
binary value is first fed into the Column RALUT. This determines the column in which the 
best 2DLNS approximation lies. The binary value must then be divided by the column 
factor. This will introduce a multiplier circuit; however this can be justified by the savings 
introduced from reducing the single conversion RALUT. The result is then fed into the 
Row RALUT where the matched indices are added to the matched indices from the 
Column RALUT. This effectively generates the same output as a single conversion 
RALUT. There is a possibility of generating an invalid representation by approximating 
indices which are out of the range dictated by R (e.g., column 1, row 4 and most of 
column 3). To avoid this problem, the mantissa value of the row is also stored in the row 
table and if  an error occurs the mantissas are compared to determine the direction of the 
overflow correction (see Figure 5.7).
MDLNS Improvements and RALUTs Table Reduction for Conversion
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Up/Down Overflow Corrector ,
Single RALUT Indices
As an example, for D — 3 and R = 3 the original RALUT will be reduced to a 4 and 3 
entry RALUT. This is an illustrative example, however, as R becomes larger, the area 
savings which table reduction introduces is considerable (see Table 5.6 - this does not 
include multiplier area).
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Two RALUTs (Entries) RALUT
Area
SavingsColumn Row
4 17 3 7 41%
5 33 6 7 61%
6 65 6 13 70%
7 1 2 9 14 14 78%
8 2 5 7 14 24 85%
9 5 1 3 14 44 89%
10 1 0 2 5 52 31 92%
1 1 2 0 4 9 52 52 95%
12 4 0 9 7 52 92 96%
13 8 1 9 3 52 1 7 2 97%
14 1 6 3 8 5 1 6 6 2 0 4 98%
15 3 2 7 6 9 1 6 6 3 0 4 99%
16 6 5 5 3 7 3 3 2 2 5 0 99%
The tables can be reduced further by sub dividing each subsequent Row table. Each 
addition reduction will require another multiplier and more overflow circuitry to emulate 
the single RALUT. The extra area savings may not justify the additional hardware unless 
R is very large.
5.5.2 Single-Digit 2DLNS to Binary
Table reduction can also be used to minimize the LUT used for the single-digit 2DLNS to 
binary conversion process. To emulate the LUT, the 2DLNS indices (a  and b)  need to be 
converted to a row and column reference so that the binary representation can be generated 
from the mantissa data in Table 5.5.
ish iftx = (rowtable(row) ■ columntable(column)) ■ 2 (5-9)
Trying to determine the row and column given only the 2DLNS indices by searching the
MDLNS Improvements and RALUTs Table Reduction for Conversion
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whole matrix can be costly in hardware, however, certain table information can be 
omitted. It can be seen from the two dimensional matrix that the change in the indices 
from column to column (Aa and Ab ) is constant (in this case 2 and -1 ) .  Therefore all the 
information in this matrix can be constructed knowing only the point where each 
horizontal series begins and the column to column change. Conversely, with enough 
information, any column of a horizontal series can be found given the 2DLNS indices. The 
second base index is unique and only references one position in the matrix. A method to 
find the column is to divide the second base index, b , by the second column index change, 
Ab . In this case, the second column index change is - 1 ,  therefore -1  is the divisor. The 
resulting quotient (the divisor must be biased since division is discontinuous across zero) 
will be an indication to the column excluding the starting point in the series. The 
remainder of the division, along with the unadjusted column, will help in determining in 
which horizontal series (the row) the 2DLNS indices lie. The quotient and remainder will 
exist in only one of a number of horizontal series, therefore parallel computations will be 
required in order to find in which series it is (see Table 5.7 - bias of 4 is enough to 
eliminate negative second index values).
Table 5.7: First Entry for Every Horizontal Series in the Matrix 
for D  = 3, R  = 3 and m = 46
Remainder Quotient Row ColumnStart
First Index 
Datum
0 - 7 3 1 - 4
0 - 6  -» - 5 1 0 - 3
0 1 4 1 to 0 0 0
0 -1  -» 0 2 0 5
This can be accomplished by combining the starting remainder and quotient values of each 
series into addresses for a RALUT. The RALUT output would include the quotient of the 
associates series along with the starting column and the first index bias so the final binary 
exponent can be applied (see Table 5.8).
MDLNS Improvements and RALUTs Table Reduction for Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
in
University o f  W indsor






Start( r s )
First Index 
Datum ( rd)
0 -7 3 -7 1 -4
0 - 6 1 -6 0 -3
0 -4 0 -4 0 0
0 -1 2 -1 0 5
Once the quotient and remainder have been found and passed into the RALUT, the outputs 
(one of which is the row) can be used to determine the column and the final shift, as shown 
in Equation 5.10.
relcolumn = quotient  -  rq
shif t  = a — {relcolumn ■ Aa + rd)  (5.10)
column = relcolumn  + rs
It is possible to eliminate one of the column computations by merging the rq and rs 
outputs of the RALUT into a single output, rqs = -  rq + r s , (see Figure 5.8). In doing so 
the datum for the first index must also be adjusted. The size o f the multiplier used in the 
computation of the shi f t  value may need to be increased as the final column  value will 
generally require more bits than the relcolumn  value.
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Example 5.4
Find the real representation using the reduced table method for a = 10 and b = - 4  
from Table 5.8.
Solution
• Bias b = - 4  to 0 (add4); quotient  = —  = — = 0 , remainder = 0
A b -1
• From Table 5.8, row = 2,  rq — —I , rs = 0 and rd = 5
• relcolumn = quotient —rq = 0  —( - 1 ) = 1
• shift = a -  (relcolumn ■ A a + rd) = 10 — ( 1 - 2  + 5) = 3
• column -  relcolumn + rs = 1 + 0  = 1
• From Table 5.5: rowtable(2)  = 1.185 and columntable( l)  = 1.3
sh ift•  x = (rowtable(row) ■ columntable(column)) ■ 2
• x = (1.185 • 1.3) • 23 = 1.580247 ■ 8  = 12.461976
The accuracy o f the reduced table conversion method will depend on that of the row and 
column tables (number o f bits used to represent the real values).
For single-digit 2DLNS to binary, the method presented here operates successfully with 
only two dimensional matrices. No stable procedure has been found that will work with 
tables that have been reduced any further.
5.6 Efficient RALUT Implementation
Both discrete and ASIC memory components are customized and tuned for the technology 
in which they are implemented to achieve the highest performance whether it be speed, 
size, reliability or power. Memory fabrication is specialized where single foundries are 
designed and tuned for a particular type and size of memory. Because of the proprietary 
nature o f the memory business, it is difficult to find any public literature which discusses 
details of state of the art memory design; it is either in vague patents or requires NDAs and
expensive licensing fees1. The following section will show a potential way to implement
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an RALUT using the scant information found on modem memory techniques [10][18].
Although it is possible to implement large LUTs with only logic gates, it is certainly not 
efficient as the resulting circuit will have an excessive amount o f logic cells and 
interconnects. The physical implementation will most likely be inefficient [8 ] as the place 
and route tools are designed to optimally place groups of cells via hierarchical designs. 
Most synthesis tools will only use logic gates for very small LUTs as their implementation 
cost is less than LUT IP blocks which may contain additional overhead. The same can be 
said for an RALUT. For simplicity and HDL compatibility the RALUTs are implemented 
with logic gates for the comparators and tri-state drivers for the output bit patterns to 
reduce some of the logic overhead (see Figure 5.9).





Most of all the circuits presented thus far in this thesis utilize RALUTs. These circuits will 
be more viable if the RALUT implementation were competitive with modem memory in 
terms of area and functionality. The difference between a RALUT and a standard LUT is 
the address decoding system; therefore, only this portion of the design will be analyzed.
1. A lth o u g h  th is m a y  sou n d  cy n ica l, it is  e sp e c ia lly  true in  educational environ m en ts.
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There are certainly many other components in modem memory design (e.g., self-timing 
circuits, redundancy, self-testing) that will not be considered here but their implementation 
can be left for future work. The actual storage systems of the output data (Read Only, 
Read/Write) will be the same between LUTs and RALUTs. The RALUT implementations 
found here and in the appendices will be read-only, however, it is possible to make them 
programmable.
5.6.1 Dynamic Address Decoders (LUT)
Modem memories use dynamic address decoders to efficiently determine the proper word 
line to enable for memory access. One of the most common methods of decoding is to first 
use pre-decoder circuits to shorten the main word line logic. As an example, a 4 bit LUT 
address decode is shown. The high (see Figure 5.10) and low (see Figure 5.11) address 
words are first pre-decoded from 2 bits (binary) to 4 bits (one hot encoding; only 1 of 4 
bits is high at one time). The input RA3[0:1] is memory circuit terminology meaning all 
states of address bits 3 (A3 & A3), which is denoted by [0:1 ] or 0 to 1. Since the high pre­
decode uses both RA3[0:1] and RA2[0:1], there are 4 possibilities resulting in 4 pre­
decoded lines RA32L[0:3]. The chain of NMOS transistors is not usually long (about 4 
transistors depending on the technology) as it increases capacitor discharging times which 
can only be corrected by increasing transistor widths (therefore also increasing area and 
power dissipation).
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When the driving clock1 is low, the system is in a pre-charge state where the output of all 
the decode trees are low. At the same time the channels of the NMOS transistors are 
adjusting to prepare for the evaluation state. The output of the decoder is fed back to a 
weak PMOS transistor to provide faster signal pull-up for pre-charge. This circuit is 
duplicated for the low word address also (address bits 1 and 0 ).







At this point two groups of 4 lines contain the one hot encoding of the high and low 
address words. These lines are fed into a second stage decoder to generate the final word 
lines (see Figure 5.12). In larger memory designs there may be several more stages of 
decoding (i.e., third, forth, etc.). In the second stage decoder, the driving clock used in the 
pre-decoders is ignored. Instead one o f the bits from the high pre-decoder acts as the 
dynamic logic clock driving the circuit. If  the high pre-decode output for that particular bit 
is low, then the corresponding word line would not be active and no transistor switching 
occurs; in essence automatic power savings. Four of the 16 second stage decoders will 
actually enter dynamic evaluation mode of which only 1 will output high allowing the 
output logic to be configured safely as a “wired-or” network.
1. T he driv in g  c lo c k  is  u su a lly  derived  from  the sy stem  c lo c k  v ia  the se lf-tim in g  c ircu its. D ep en d in g  on  the  
den sity  o f  the m em o ries , the driv in g  c lo c k  co u ld  be 2  to  4  t im es faster  than the sy stem  c lo ck .
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For this example 4-bit dynamic address decoder, only 72 PMOS and 80 NMOS transistors 
(excluding any buffers) are required. This is o f course not optimal as modem memories 
use other improvements such as column decoders to reduce the total number of address 
decoders.
4096, etc.) as this architecture optimally decodes k and / bits in a binary tree fashion.
5.6.2 Dynamic “Range Address” Decoders (RALUT)
Using some of the concepts of dynamic address decoders, preliminary dynamic range 
address decoders can be implemented which prove the concept that RALUTs are in fact 
feasible. This preliminary and enhanced implementation is presented in the appendices.
Thus far the RALUT’s dimensions have been shown not to have power of 2 configurations 
nor do they conform to any particular address pattern. A complete series o f decodes will 
therefore be required for each RALUT row as the binary tree type reductions will not 
apply. Extra transistors will also be needed as the decoders will have to evaluate “greater- 
than-equal” rather than simply “equal”. Figure 5.13 shows the RALUT decode logic with 
special attention to the transistor configurations for comparing address lines to 0 ’s and 1 ’s.
Memories are usually configured in rows of 2* and columns of j  • 2 (e.g., 1024, 2048,
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Figure 5.13 : RALUT Decode Logic
CLK Weak
WL
For A[n] > 1 A[n]
For A[n] > 0 A [ n ] ^ f  A[n]
As mentioned previously, a large chain of NMOS transistors can cause discharge problems 
during evaluate mode. In the previous examples of binary to 2DLNS conversion, the range 
of inputs to the RALUT is 10 bits, therefore requiring 11 NMOS transistors (including the 
clock). These chains need to be broken up as some circuits will be required to process 
wider addresses. The decode stages in an RALUT cannot be easily interconnected, unlike 
those in a LUT, because the “greater-than” and “equal” signals must remain separated 
until the last stage. Extra transistors must be added to properly pass information from one 
stage to another. Figure 5.14 shows the first stage of a multi stage implementation. Here 
the “greater-than” and “equal” pre-charge and output circuits are separated.
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For the middle stages (see Figure 5.15) the “equal” pre-charge and output circuit remains 
the same. The “greater-than” pre-charge evaluates high immediately if the previous 
“greater-than” stage was also high, where as if  the previous “equal” stage was low, the 
“greater-than” stage is never pre-charged. This extra logic attempts to eliminate 
unnecessary switching and therefore power consumption.








For the final stage, the circuit is similar to that of the original decode circuit (see 
Figure 5.13) where the output circuits of both “equal” and “greater-than” stages are 
connected together, but the pre-charge circuit is the same as the middle stages.
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With a series of these stages any length RALUT row can be implemented. The outputs of 
each row still need to be XORed with adjacent rows to generate the correct output 
wordline for the output bit logic. These final wordlines will not be “wired-or” safe as there 
will be transients from the output of each RALUT row through the XOR logic. To 
eliminate the possibility o f multiple active driver lines, a self-timed latch can be placed 
before the output bit logic.
In terms of switching activity the RALUT will have more than one row completely 
evaluated, unlike the LUT address decoder where only one row is completely evaluated. 
This translates to considerably more power consumption for the RALUT compared to the 
LUT. The appendices detail another design were both “greater-than” and “less-than” 
dynamic circuits are used to reduce switching and to eliminate the self-timed latches. 
Buffering the clocks and address input signals are also covered as well as a 0.35 pm  
implementation with an automatic generator tool.
5.7 Summary
It has been shown that the hardware complexity of the 2DLNS implementation can be 
reduced simply by selecting a better base; a not so simple optimization task. A software 
tool has been designed to perform a generalized optimization which offers fairly good
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results based on the processing time used. The tools are not perfect and can be further 
improved, especially when dealing with brute force methods, multiple digits and larger 
values o f R . Run-times have been found to decrease significantly by repeating the 
optimization process while each time manually reducing the dynamic incrementor 
tolerance. Adding the ability to automatically change this tolerance would enhance the 
tool.
For the case o f a single-digit 2DLNS, table reduction techniques were shown which can 
considerably reduce RALUT size requirements. This comes at a cost of more logic and a 
multiplier circuit, but should prove more favorable with the reduction in the RALUT.
A preliminary dynamic address decoding circuit was covered which shows that the 
RALUTs can be implemented more efficiently than with a synthesizer and pure logic 
gates. Further work needs to be done to make this memory device more viable before it 
can be applied in a MDLNS silicon implementation.
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Index calculus DBNS (IDBNS) was initially applied to finite 
impulse response filters and other inner product computational 
units. A special architecture was previously defined that utilized the 
advantages of the logarithmic-like characteristics of the IDBNS for 
easy multiplication but employed a converter to perform addition 
over the binary number system. However, in order to develop a 
complete arithmetic system, it is important to be able to implement 
all arithmetic operations including the difficult operations of 
addition, subtraction, comparison and conversion. This is 
particularly interesting with the recent generalization o f the IDBNS 
to the MDLNS.
This chapter briefly covers an initial DBNS design showing how 
analyzing its inefficiencies helped shape the current MDLNS 
research into arithmetic architectures. A present 2DLNS design 
which uses some of the concepts developed in this work will also be 
reviewed along with an improved implementation based on the 
most recent MDLNS research. Finally some recommendations are 
made for future designs that can exclusively perform processing in 
the MDLNS domain.
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6.2 15-Tap Hybrid DBNS FIR Filter 0.35jnm CMOS 
Chip
An opportunity arose in 1999 where there was a considerable amount of “last minute” 
silicon area available on a 0.35{a design run from the Canadian Microelectronics 
Corporation. Due to a limited two week design deadline an unoptimized DBNS filter 
design was planned. Since the design time was limited, a simply hybrid sum-of-product 
systolic array filter structure [13] was used. The design attempted was a 53-tap 
programmable coefficient pipelined filter intended to process video data ( 1 0  bit signed). 
These specifications were modeled from a Gennum Inc. video protocol conversion
2
product. Once the core components were sized (binary to DBNS mapper at 1.977mm ,
2 2 single MAC stage at 3.022mm , final adder at 0.037mm and IO pads) only a 15 tap
filter was able to be realized with the given area (9mm x 16mm, see Figure 6.1).
Figure 6.1 : Screen Copy of the 15-Tap Hybrid DBNS FIR Filter
The input data was mapped to a two-digit DBNS representation (D  = 3 , B = 5 and 
R = 4 ) via a LUT where it was transmitted to each MAC stage. The MAC multiplied the
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two-digit input with a single-digit DBNS coefficients (B = 10 and R = 10) limited so 
that overflow would never occur. Once the multiplication was performed, the product was 
converted to binary for simple accumulation (see Figure 6.2). Two independent processing 
channels were generated as the MAC stage multiplied single and two-digit DBNS values 
together resulting in a two-digit DBNS product. At the end o f the systolic array a single 
adder was used to merge these two channels. More information of the full design can be 
found in [8 ],
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The design efficiency was compromised because o f a lack of a ROM generator to 
implement the MDLNS LUTs. The ROMs were, in fact, implemented with logic gates, 
which generated a very large number of interconnects making routing very difficult with 
only 3 metal layers. The logic cell placement ratio was approximately 5% simply because 
there were so many interconnects. If more metal layers were available, this ratio would
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have increased considerably. Current 0.13p process technology uses up to 8 metal layers 
to optimize area for routing.
6.2.1 Design Improvements 
Binary to DBNS Mapper
The ROM size for the forward mapping is 1024 x 2 2  (2® x 2  ■ (2 + B + R)).  Preliminary 
software generated the table contents by choosing the nearest DBNS approximation based 
on all the possibilities for the index ranges. At the time it was not known that the first base 
index was self-limiting. Based on the approximation for the first base index data path, for 
the specifications of this filter, the data path should have been 6  instead of 5 bits. Although 
the software-generated approximations are within the accuracy of brute force 
approximations, with 6  bits for the first index data path the mapping LUT could be 
replaced by a high/low pipelined binary to two-digit 2DLNS converter which generates 
approximations with comparable accuracy. The data path can be reduced to 5 bits by 
using an efficient base of 0.75 instead of 3 . In fact, if  R were adjusted from 4 to 3, only 
10 o f the 512 possible inputs would be mapped to the next nearest integer. Assuming that 
the RALUTs were of similar area complexity to that of the LUTs and the converter logic 
area was similar to that of the RALUTs, there would be a 10 times savings in area using a 
converter over a mapper.
Single-Digit DBNS Coefficients
Turning our attention to the MAC stage, no additional improvements are able to be made 
to the original single-digit filter coefficients, but considerable efficiencies can be obtained 
if we use a two-digit MDLNS representation of the coefficients. Since R = 10, the DBNS
to binary LUTs for each stage are 1024 x  20 (2 entries). By using two-digits for the 
coefficients, this LUT can be reduced considerably; however, two additional processing 
channels will be required. Similar accuracy for the two-digit coefficients can be achieved
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by setting R = 3 and using an optimal base. This will move the limiting of the indices 
from the coefficients to the binary to 2DLNS converter. Using the above example, if 
R = 3 for the input data and the coefficients, the product o f the MACS will not overflow 
if we choose R = 4 for the 2DLNS to binary converter. Assume scaling based only on the 
size o f the LUT, using 4 2DLNS MAC stages instead of 2 will offer a 32 times savings in 
area. In practice the savings will be greater since the cell placement ratio increases 
because of the reduction in interconnects.
By using the above suggested improvements and the improved MDLNS techniques, a 
more efficient 2DLNS filter has been implemented.
6.3 2DLNS Filterbank
An interesting application of MDLNS arose from a research project into next generation 
digital hearing instmments. Modem digital hearing instruments perform signal processing 
which can be customized specifically for each user. The common component to most 
digital hearing instmments is a filterbank which separates the incoming signal into 
multiple channels. These channels are then processed with custom algorithms (usually 
dynamic amplification ojr attenuation) with the channels then merged back into one signal. 
Most binary implementations either use a modulated DFT or Interpolated FIR filter (IFIR) 
approach to perform the signal separation because they reduce the number of 
multiplications. With MDLNS a binary multiplication component is never used, only 
addition/subtraction components. Therefore a simple FIR structure can be used to separate 
the input signal in MDLNS.
The specifications of the filterbank required a 0.0 ldB pass band ripple and a 60dB stop 
band attenuation for all the filters. It was found that if  the filters were equally spaced and 
their bandwidths and overlaps the same, symmetrical filters could be produced. The 
advantage of generating symmetrical filters is the overall magnitude response o f the filters 
was perfectly flat (OdB) across the whole frequency range and there are duplicate
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coefficients (in magnitude) between the low and high bands. Since the coefficients are 
shared, the inner product processor can be modified to process both the low and high 
filters at the same time. Since only the magnitude of the coefficients may be different 
(depending on the symmetry of the filters) only the final binary accumulator need be 
duplicated to output each band (see Figure 6.3). Some hearing instruments use different 
bandwidths for the filterbanks (e.g., larger for the low pass, smaller for the high pass). 
Using symmetric filters saves resources over non-symmetrical filters in a MDLNS FIR 
implementation. By using enough filter bands, filterbank custom-tailoring for the 
individual user will not be necessary. A general filterbank can be used for all users 
therefore allowing the coefficients to be fixed which will also further improve the 
hardware implementation.
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Efficient and Optimal Base
Using 8  separate equal bands, filters were designed using Matlab. Eight 75-tap filters were 
deemed acceptable with a 0.0128dB pass band ripple and 58.9dB stop band attenuation1
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(the specifications are not ideally met until 89 coefficients are used). O f 600 coefficients, 
only 132 o f them are unique in magnitude which simplifies finding an optimal base. With 
an optimal base o f 1.28308348549366 and R = 2 the filterbank responses are slightly 
worse with a 0.0176dB pass band ripple and a 57.7dB stop band attenuation. As R 
increases, the specifications are matched to that o f the Matlab 64-bit floating point ideals. 
R is kept as low as possible to maximize the representation for the input data.
2DLNS High/Low Converter
The input data (16-bit signed) is converted to 2DLNS via a high/low serial implementation 
with the second base indices limited from -1 4  to 14. The limit is adjusted from -1 6  to 
15 (R = 5) so that overflow never occurs when the input data is multiplied with the 
coefficients (R = 2).  By limiting the indices in this way, the representation is used to its 
fullest. Of 32768 possible representations the high/low converter generates 18348 error- 
free (56% with e < 0.5) representations. The remaining 14420 representations have errors 
from 0.5 to 37 in which the frequency decreases almost logarithmically (see Figure 6.4).
1. T h ese  are w orst c a se  results for all the filters in the filterbank.
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Serial Architecture
Since the filterbank is intended for audio (sampling frequency o f 16kHz) and low power 
operation, a serial implementation is favorable to minimize both power and area. 
Assuming that two o f the 600 coefficients are processed each cycle, an operating clock of
16000Hz • —p  = 4800000Hz or 4.8MHz is required. A controller is therefore used to
move data from the controller into a RAM where 75 values are multiplied with 75 
coefficients and accumulated (see Figure 6.5). Serial to/from parallel converters are used
to reduce the I/O pad count since the design would otherwise have been I/O bound1.
1. T he s ilic o n  area in sid e  the pad ring is  m uch  larger than required by the p r o c ess in g  circuitry.
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Serial to Parallel Parallel to Serial
Converter Converter
Full details of this design can be found in [17] (see Figure 6 .6 ).
Figure 6.6 : Screen Copy and Micrograph of the 2DLNS Filterbank
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6.3.1 Possible Improvements 
Filterbank Scalability
The controller for the system is fixed to process the eight 75-tap filters, and is not easily 
scalable to process more coefficients or filters. It is possible to re-code the controller to be 
programmable (or parameterized) to handle different filterbank designs such as the 89-tap 
filter which fully meets the requirements or a 1 0  (or more) band filterbank.
Dual Port to Single Port SRAM
The controller uses a 256 x 32 dual port RAM of which only 75 x 26 elements are used. 
The dual port component was used simply because it was smaller than any other single 
port component available at the time. Unfortunately, the controller does perform both read 
and writes on the cycle which makes the design unusable if  a properly sized single port 
component was available. Dual port RAMs are generally twice the area of single port 
RAMs and will most likely consume more power.
SRAM Operation
As mentioned in [17], the RAM operates on the opposite clock of the system to guarantee 
the inputs are stable (see Figure 6.7).
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Figure 6.7 : Two Phase Clock Controlling Memory Latches
Clock







This is not necessary since the RAM contains its own built in latches (edge triggered D- 
Flop Flops, not accessible externally) which have zero hold time (very common in modern 
memory devices). Coding for a component which has its own input latches is difficult in 
Verilog, but it is possible by mirroring the synchronous and asynchronous logic (see 
Figure 6 .8 ).
Figure 6.8 : One Phase Clock Controlling Memory Latches
Clock









Operating the RAM at the opposite clock of the system is not favorable since it will cause 
more logic transitions at the beginning and half way into the system’s cycle which will 
consume more power (see Figure 6.9).
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Figure 6.9 : Conceptual Two Phase Clock Power Consumption
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Operating the RAM at the same clock as the system will remove invalid stable states 
between clock phases thus reducing the power (see Figure 6.10).
Figure 6.10 : Conceptual One Phase Clock Power Consumption
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Maintenance Clock Cycles
Once a new sample is available from the converter, the controller processes all 8  filters in 
313 cycles. Based on the assumption that two coefficients are processed each cycle, there 
are an additional 13 cycles. These cycles perform maintenance operations (reset counters, 
memory pointers, etc.) which will have to be integrated in some other manner in order to 
recover these cycles. These extra cycles contribute to more power consumption, additional
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logic cells and scalability issues (i.e., more coefficients/bands relates to more cycles). 
Channel Accumulator Delay
The 4 channel dual 2DLNS processor in this design first generates the signed binary 
representation of the data multiplied by the coefficient (as in the DBNS/2DLNS processor 
used in the hybrid chip, see Figure 6.2) for each channel and then adds them together. For 
the high pass filter, the sum of the these channels may, depending on the symmetry, have 
to be negated once before accumulation. These two negating operations add extra delay, 
logic and power requirements which could be further reduced. In total, 5 two’s 
complement generators and 5 adder components are needed to merge all the channels. The 
worst case delay from multiplication to final accumulation is 5 arithmetic operations.
6.3.2 Improved 2DLNS Filterbank
By using the above suggested improvements and the most recent MDLNS results, a new 
2DLNS filterbank has been designed.
Filterbank Scalability
The improved filterbank controller is capable o f processing any even number of filter 
bands and any odd number o f coefficients as necessary. The architecture uses smart 
counters which generate dynamic references reducing the overall driving logic. The 
address path to the SRAM is used fully to eliminate conditional counters and to maximize 
memory efficiency. These filterbank parameters are applied before synthesis to generate a 
static controller. The controller can also be modified to be dynamic which will allow 
runtime loading of the parameters along with the filterbank coefficients (assuming the 
memory capacities are large enough).
No maintenance cycles
The controller schedules arithmetic operations, multiplexes data paths and pipelines
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information to eliminate any maintenance cycles. The system can now operate at the 
theoretical 4.8MHz clock rate, processing an input every 300 cycles or at a 16kHz 
sampling frequency.
Single Port SRAM
Dual port SRAM is no longer needed as the improved filterbank synchronizes input data 
storage and processing to the same cycle. With access to a new memory compiler, the
appropriate sized single port SRAM (must have 2X entries) can be used instead which will 
reduce silicon area and power consumption.
One-Bit Sign Architecture
In addition to all the enhancements mentioned above, the improved 2DLNS filterbank 
uses a one-bit sign for all the representations. Using one-bit signs simplifies logic in most 
all of the 2DLNS components. The word length for the 2DLNS representation of the 
coefficients and data are reduced by 2 bits. The 2DLNS processor is improved since it no 
longer needs to handle the negative or special zero case; only the absolute output is 
required. The coefficient and data signs are simply XORed to produce the output sign 
which is used along with the absolute output to determine the final sum (see Figure 6.11).
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Figure 6.11 : Dual Non-Zero Bit 2DLNS Processor
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The four channel and output accumulation process is simplified with a one-bit sign by 
using only 5 adder/subtractor components and simple logic to coordinate the proper series 
of operations (see Figure 6.12). The delay is reduced to 3 arithmetic operations and the 
logic is also reduced since an adder/subtractor component is smaller than a separate adder 
and 2 ’s complement generator. Decreasing the delay reduces the number o f transitions 
which in turn reduces the power requirements.
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Figure 6.12 : Non-Zero Bit Four Channel Accumulator
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Data and Coefficient Representations
Using the one-bit sign simplifies the implementation of the filterbank, however it limits 
the 2DLNS filterbank coefficients since one o f the second base index integer states is used 
to represent zero. With R = 2 the range on the coefficient’s second base is now from -1  
to 1 which reduces the filterbank responses to a 0.0213dB pass band ripple and a 55.9dB 
stop band attenuation. To better meet the specifications we can either use more 
coefficients to relax the filters or to increase R . With R = 3 the range on the coefficient’s 
second base is from -3  to 3 which improves the filterbank responses to 0.0134dB for the 
pass band ripple and 59.1dB for the stop band attenuation. Although increasing R for the 
coefficients improves the filterbank response the data representation’s second base index
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is reduced from 29 (-1 4  to 14) to 25 (-1 2  to 12) states. This will reduce the number of 
unique representations for the filter input data.
Optimal Input Data Mapping
An alternative approach was taken to optimize the base for the input data (second base 
index range from -1 2  to 12) rather than the filter coefficients. The coefficients were then 
mapped (with D  = 0.92024380912663017 and R = 3) using that base and the filterbank 
responses are better (0.0137dB pass band ripple and 58.2dB stop band attenuation) than 
those of the original 2DLNS filter design and similar to those using an optimal coefficient 
base and R = 3 . Using this approach the input data mapped is improved with 19513 
error-free of the total 32768 (59.5%) representations (about 3.5% more). More 
importantly, the maximum error of any of the input data representations is below 6  (see 
Figure 6.13). By optimizing the representation, the accuracy of the input data is 
considerably improved without changing the filterbank response significantly.
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Figure 6.13 : Histogram of Error in Data Optimized High/Low 2DLNS Mapping
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To further improve input data mapping results, the optimization algorithm ignored any 
single representation error below 0.5. Interestingly enough, these filterbank responses 
were better than those from the optimization including single representation error below
0.5. This demonstrates that the results o f the optimal base software are good, but not 
perfect. It is important to realize that the optimal base software is a general purpose tool 
which attempts to find the smallest 2DLNS error for the given values. It is not specific to 
FIR filter coefficients or integer mapping. The computed bases are good choices but could 
be even better if  the base optimization targeted improving filter response (by analyzing 
coefficient sensitivity) or integer mapping specifically instead of simply reducing the 
mapping error. The software could be modified to do this, however it would be likely that 
the run times would be much longer. These modifications are not in the scope of this 
project and are recommended for future work.
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6.3.3 Comparison to the Original Filterbank
Comparing the original and improved filterbank designs is difficult since little is known of 
how the original filterbank was implemented (i.e., synthesizer parameters, test bench data, 
switching information). The only values which can be compared are the number of logic 
cells and interconnects in the controlling structure itself excluding coefficient and 
conversion tables. Unfortunately the original filterbank references the coefficients at the 
top most level so they can not be excluded from the comparison without modifying the 
design. It can be assumed that the coefficients area, logic cells and interconnects between 
the original and the improved filterbanks will be approximately the same as they appear to 
be random logic to the synthesizer. The comparison information and percent savings can 
be found in Table 6.1. The table shows how the one-bit sign architecture and other 
suggested improvements effect the hardware implementation of the filtrbank. Although 
power consumption is not considered, it is expected that the improved filterbank will 
consume considerably less power as it operates on a single clock phase and is composed of 
fewer logic cells and interconnects.
Table 6.1: Area, Cell and Net Comparison between Original 
and Improved Filterbank










Original 4 6 6 2 0 1 5 3 7 6 6 1 9 9 6 2 5 7 4 2 8 7 6
Improved 3 3 8 4 2 6 5 9 0 4 0 4 3 2 1 3 7 1 1 7 3 4
Savings 24% 57% 35% 47% 40%
6.4 Filterbank/Hearing Instrument Future Work
This section briefly describes some possible research routes which will aid in extending 
the 2DLNS filterbank to perform the full signal processing tasks required by a hearing 
instrument.
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6.4.1 Filterbank Output in MDLNS
In order to begin extending the fdterbank to a full MDLNS hearing instrument the current 
output of the filterbank must be in a MDLNS representation. There are two possible 
options to generating a MDLNS output.
Binary to 2DLNS Conversion
Assuming 8 filter bands with 75 coefficients each, the filterbank produces two 16-bit 
binary results (low and high filter band) every 75 cycles or 4 times higher than the 
sampling rate. The simplest option to generating 2DLNS outputs is to use the idling binary 
to 2DLNS converter to generate a 2DLNS representation o f each of the outputs. This 
could be easily integrated into the controller to perform the conversion in between the 
input data conversion. The converter in this case used the high/low technique which will 
produce some error in the 2DLNS representation depending on the R and base chosen. 
The only major disadvantage with this option is that the power consumption will increase 
since the converter is being used 8  additional times over the period of one sample.
2DLNS Accumulation
The other option is to remove the 2DLNS to binary conversion tables (four 32 entry LUTs) 
and to replace the binary adders/subtractors with their 2DLNS equivalents thus completely 
removing any binary representation o f the processed signals. As noted in Section 4.12 on 
page 92, the 2DLNS addition/subtraction components hardware implementation has a 4 
cycle latency. In a serial MAC structure, an output latency above 1 is not acceptable as the 
accumulation function is part of the feedback loop. The components can be modified to 
use two-phase clocking to reduce the latency to only 1 but at the cost of higher power 
consumption. In order to reduce the quantization error of the accumulation, an appropriate 
value o f R( should be chosen based on simulation results to minimize hardware and 
maximize accuracy. Table 6.2 shows the size of the addition and subtraction RALUTs for
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the optimal base of this improved filterbank.







5 5 5 9 63 90
6 7 5 9 1 0 4 1 5 9
7 8 3 4 2 0 1 3 0 2
8 2 2 6 0 3 8 3 6 3 6
6.4.2 Extra Input Data Digits
Using the optimal base tools, it is found that if  the base is optimized so that the input data 
is mapped into 3 digits using R = 3 and the coefficients mapped to 2 digits also with 
R = 3 , the product of the two will require R = 4 therefore reducing the 2DLNS to 
binary LUTs (16 entries instead of 32) or the 2DLNS addition/subtraction components 
(see Table 6.3). This change in digits would require 6  channels instead of 4, but as the 
tables would be smaller there would possibly be a savings in the overall system. The input 
data mapping is also considerable better than the improved filterbank as 32633 of the 
32768 input values (99.6%) are mapped error-free. The remaining 135 values have a 
mapping error less than 1. The filter response is also slightly better with a pass band ripple 
of 0.013ldB and a stop band attenuation of 58.4dB.







4 89 4 0 60
5 2 2 2 67 1 0 7
6 5 0 2 1 2 6 1 7 0
7 1 0 1 3 2 2 4 3 1 9
Other combinations o f digits between the input data and coefficients should also be
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investigated in future work.
6.4.3 More Serialization/MDLNS Processor
The whole filterbank architecture could be redesigned to use a single MDLNS ALU which 
can perform all MDLNS functions. In essence, the hearing instrument processing tasks 
would be microcode running on a MDLNS processor. A considerable amount of research 
work would be required to determine if these steps will result in the reduction o f power for 
the hearing instrument design.
6.5 Summary
By examining past MDLNS designs, new MDLNS techniques improve resource 
requirements and accuracy of the designs without changing the second base index bit 
widths. The one-bit sign representation with a 4 channel accumulator and an optimized 
controller has saved 35% in total area and about 44% in logic cells and interconnects. 
These savings should also relate to reduced power consumption.
An exclusive MDLNS architecture for the filterbank should be considered to allow the 
expansion to a basic hearing instrument. This could be achieved through either modifying 
and adding specific hardware or by restructuring the design to operate by microcode 
running on a MDLNS processor.
MDLNS System Designs Summary






7.1 Summary and Contributions
In this thesis we have pioneered methods to perform difficult 
operations in the MDLNS. These include binary to MDLNS 
conversion, 2DLNS addition and subtraction, large table reduction 
for single-digit binary-2DLNS conversion, one-bit sign 
representation and optimal base calculations. Almost all of the 
circuits presented are efficiently implemented with a new memory 
device with range addressing capabilities (RALUT - range 
addressable look-up table).
The binary to MDLNS conversion method presented here (using 
the RALUT) is much more efficient than the previous pure LUT 
method as its complexity is based on R (the bit range o f the second 
base index) rather than Q (the bit range o f the binary input). The
2 2table ratio between the two methods is approximately —- ,  or
2
2 (2 R) since pie RALUT circuitry is likely to consume more 
silicon resources than current standard memory implementations 
(i.e., ROM, RAM), this ratio will be slightly smaller, however there 
will still be a considerable savings in silicon area. In the case of
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multiple digit representations (assuming a parallel converter implementation), both the 
LUT and RALUT will multiply according to the number of digits. Since the area of the 
RALUT is smaller that the of the LUT, this replication will not be as costly to that o f the 
LUT.
The new MDLNS addition/subtraction methods described here improve on the classic 
exponent addressing LUT method by using a single-base domain to simplify the LUT 
addressing of the associated multiplication factors. The redundancies introduced by using 
the single-base domain allow for the multiplying factors to be optimally stored in a 
RALUT which further reduces silicon resources. Unlike the binary to MDLNS conversion 
there is no direct equation for determining the savings between the classic and new 
addition/subtraction algorithms. However, the example in this thesis shows a 4096 x 11 
LUT, which does not guarantee a perfect MDLNS solution, being replaced by a 20 x 6  
and a 35 x 9 RALUT that will generate perfect MDLNS solutions. Similar results can be 
achieved with different MDLNS parameters (i.e., R and D). Additional resources are 
required for mapping between the exponent and single-base domain, but they are 
negligible in comparison to the multiplication factor RALUTs.
After reviewing past and current MDLNS designs an improved MDLNS filterbank design 
was covered which has been shown to reduce area and most likely power by using all but 
the addition and subtraction methods developed in this thesis. This was done by 
minimizing conditional branches in the main controller, improving intermediate memory 
storage interfacing and using other MDLNS improvements developed in this thesis (i.e., 
optimal/efficient base selection and one-bit sign architecture).
It has been found that by limiting the base between - p  and J l  we can minimize the bit
42
range on the firstbase index therefore eliminated unnecessary hardware (i.e., extra adder, 
databus and table bits). By selecting this efficient base range we can limit the search space 
and considerably reduce the computational time for discovering an optimal base. An
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optimal base alone can reduce the complexity of the whole MDLNS system (both the 
second base index range, R , and potentially the number of digits, n ) therefore reducing 
the overall circuit implementation. In the case of the improved MDLNS filterbank, the 
data representation accuracy was increased even though the bits allocated to the 
representation were reduced.
The one bit sign method has improved the MDLNS implementation by removing 
conditional circuits which added more processing overhead to the computational 
pipelines. The special “zero case” representation was easily implemented into the existing 
RALUT architectures to maintain independent processing between the bases. In the case 
of the improved MDLNS filterbank, the one bit sign method also reduced the number of 
binary mathematical operations.
Although no implementation is shown in this thesis (i.e., no Verilog, only C code), the 
RALUT reduction method can decompose a single RALUT into two RALUTs with over a 
90% savings in silicon area (when R > 9 ) .
7.2 Ancillary Contributions
Preliminary designs for implementing the RALUT using a dynamic logic approach were 
covered in this thesis and a full 0.35pm CMOS implementation is detailed in the 
appendices. This implementation uses a series of small component cells which are similar 
in structure to CMOS standard cells, and in addition to are parameterized to allow for easy 
scaling to current process technologies (0 .18pm , 0.13pm , and below). These component 
cells are completely assembled into a RALUT by using software written in SKILL for the 
Cadence DFII environment (front to back end design tool set).
Scripts and software code requiring only a few 2DLNS specifications have been written to 
completely automate the generation o f the binary-MDLNS conversion, and the MDLNS 
addition/subtraction circuits. All o f the Verilog HDL code is parameterized to allow for
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any 2DLNS specifications and all the necessary table data is also generated to eliminate 
the need to modify any o f the code.
Efficient software code has also been written for computing the optimal base for best 
representing a particular set or a linear range of values in a 2DLNS domain. Although it 
performs a generalized optimization, the results are good for most applications.
7.3 Suggestions for Future Work
Addition and subtraction tables may be reduced by allowing the contents not to be perfect. 
Some applications may not require these operations to always result in the best 2DLNS 
representation. If a maximum deviation and number o f deviations were set, the tables may 
be found to be more redundant therefore reducing the size of the RALUTs. Addition and 
subtraction in MDLNS with more than two bases should also be analyzed.
A basic dynamic RALUT implementation is provided and is operational however it could 
be improved to use more modem memory features. In larger RALUTs some portions of 
the decode rows could be merged to reduce switching. The layouts could be analyzed to 
try to improve the routing and cell placement especially for technologies with more than 3 
metal layers. Depending on the target technology the maximum NMOS chains may be 
increased with little impact on transistor size as it can reduce the inter-stage logic.
The optimal base software could be modified to perform optimizations for particular 
applications such as digital filter coefficients or integer mapping. These modifications will 
probably increase ran time, but the increase in accuracy may yield a decrease in MDLNS 
implementation complexity. Multiple base optimization could also be pursued.
Although methods and software for performing table reduction for single-digit 2DLNS are 
discussed and examples shown, no circuits are presented in the appendices. This avenue 
should be completed as single-digit MDLNS may still have unexplored applications.
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An exclusive MDLNS architecture for the filterbank should be considered to allow the 
expansion to a basic hearing instrument. This could be achieved through either reusing the 
binary to MDLNS converter, replacing all accumulation components with their MDLNS 
equivalent or by restructuring the design to operate by microcode running on a MDLNS 
processor. The latter option would require a fair amount of research as the cost function is 
mainly power consumption.
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This appendix contains the software used to generate data for the 
hardware description code (Appendix B) as well as the software to 
generate optimal bases.
Software
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A .l Optimal Base Tools
The optimal base software is designed to operate as fast as possible but with consideration 
for future expansion. The different methods of MDLNS approximation are implemented 
using a custom object referencing system. Run-time performance is better in “C” than 
“C++” since there is no hidden object overhead.
This code is designed to run by default on a Sparc (under Sun Solaris 2.x) processor, but 
special conditional compiler code has been implemented to also make it run on an Intel 
x 8 6  (under Windows NT/2000/XP) processor. This code is 32-bit and IS NOT 64-bit safe. 
Direct floating point and integer manipulation is done to increase overall performance. A 
64-bit implementation is not necessary since the code is not memory intensive. The 
software will perform better under an Intel x8 6  processor since it is small enough to reside 
in the internal processor caches and does not require 64-bit addressing.
The optimal base tools consist of three programs which share code between them:
1 . “optbase” which computes the optimal base of a given set of numbers or integer range 
usage: o p t b a s e  r a n g e  i n f i l e  o u t f i l e  [ o t h e r s ]
2. “anybase” which computes the desired MDLNS representation for a given set of num­
bers or integer range for a particular base
usage: a n y b a s e  r a n g e  i n f i l e  b a s e ,  f i l e  o u t f i l e  [ o t h e r s ]
3. “maketable” which generates table data for the MDLNS HDL code
usage: m a k e t a b l e  r a n g e  o r a n g e  i n f i l e  b a s e ,  f i l e  m a n b i t s
Argument Definition
r a n g e Second base index range 
For two bit sign mode: (-range,range] 
For one bit sign mode: [-range,range]
i n f i l e Optimal base input file (generally from Matlab)
Software Optimal Base Tools
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Argument Definition
o u t f i l e Optimal base output file
b a s e , f i l e ASCII base or Optimal base output file
c r a n g e Limit second base index range to avoid MDLNS 
multiply overflow 
For two bit sign mode: (-range+crange,range-crange] 
For one bit sign mode: [-range+crange,range-crange]
m a n b i t s Number o f bits to represent mantissa in integer table
output
The “other” common command line arguments which all three programs use 
( m a k e t a b l e  only accepts arguments - z  and - n z )  are:
Other Argument Definition
- z Two bit mode (i.e., 0 1  for positive, 1 1  for 
negative, 0  0  for zero)
-n z One bit sign (i.e., 0  for positive, 1  for negative, 
lowest secondbase index for zero)
-w Use exponent weights in error computation (e.g., 
the weight of 4 is greater than the weight of 2)
-nw Do not use exponent weights in error 
computation (e.g., the weight of 4 is equal to the 
weight of 2 )
- u Do not add to the total error if  the single error is 
less than 0.5
-n u Add to the total error regardless
- s a Single-Digit Algorithmic Mode
Software Optimal Base Tools
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Other Argument Definition
- s b  [max nom m in  a b s ]  
[ s t a r t ]  [ s t o p ]
Single-Digit Range Mode 
max: maximum percent difference 
nom: nominal percent difference (when adjusting 
the new base, try to keep it “nom” percent away 
from the previous) 
min: minimum percent difference 
abs: absolute maximum percent error 
start: starting point in range search 
stop: stopping point in range search
-mq [ d i g i t s ]  [max nom 
m in  a b s ]  [ s t a r t ]  
[ s t o p ]
Multi-Digit “Quick” Range Mode 
digits: the number o f digits in the MDLNS 
representation
-mn [ d i g i t s ]  [max nom 
m in  a b s ]  [ s t a r t ]  
[ s t o p ]
Multi-Digit “High/Low” or “Near” Range Mode
-mb [ d i g i t s ]  [ l e v e l ]  
[max nom m in  a b s ]  
[ s t a r t ]  [ s t o p ]
Multi-Digit “Brute Force” Range Mode 
level: brute force level
A.1.1 Optbase
The first tool, “optbase” tries to determine the optimal base of a given set o f numbers (in 
64-bit floating point format) or an integer range. When using more than one digit, a 
dynamic incrementor is used to find the optimal base, however, it’s processing parameters 
should be appropriately set in accordance to the complexity of the MDLNS range. If not, it 
could miss better optimal base canidates.
A.l.1.1 optbase.c
/*
*  o p t b a s e . c  £
*  o p t b a s e  t r i e s  t o  d e t e r m i n e  t h e  o p t i m a l  b a s e  w h i c h  b e s t  d e s c r i b e s  a
*  s e t  o f  i n p u t s  o r  a  r a n g e  i n  1 - d i m e n s i o n a l  n - d i g i t  L N S .  £
*  U s a g e :  o p t b a s e  £
*  r a n g e  i n f i l e  o u t f i l e  < g l o b a l  o p t i o n s >  < m e t h o d >  £
*  r a n g e  i s  s p e c i f i e d  a s  £
*  ( - r a n g e , r a n g e ]  i n  z e r o  b i t  m o d e  a n d  [ - r a n g e , r a n g e ]  i n  n o n - z e r o  b i t
*  m o d e  £
*  i n f i l e  i s  a  b i n a r y  f i l e  w i t h  6 4 - b i t  I E E E  f l o a t i n g  p o i n t  v a l u e s  t h a t
*  a r e  t o  b e  o p t i m i z e d ,  s e e  i o . c  f o r  s t r u c t u r e ,  i n f i l e  m a y  a l s o  b e  a
*  n u m b e r  i n d i c a t e  t h a t  t h e  i n t e g e r  v a l u e s  b e t w e e n  1  a n d  t h a t  n u m b e r  a r e
*  t o  b e  o p t i m i z e d ,  t h i s  u s e d  m o s t l y  f o r  d a t a  m a p p i n g .  £
*  o u t f i l e  w i l l  b e  a  b i n a r y  f i l e  w i t h  6 4 - b i t  I E E E  f l o a t i n g  p o i n t  v a l u e s
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*  i n  t h e  e x a c t  o r d e r  a s  i n f i l e  b u t  m a p p e d  u s i n g  t h e  M D L N S  b a s e ,  t h i s  i s
*  u s e f u l  t o  r e a d  b a c k  i n  t h e  d a t a  w i t h o u t  h a v i n g  t o  c o m p u t e  t h e  v a l u e s
*  f r o m  t h e  i n d i c e s  o u t f i l e  w i t h  a  " . t x t "  e x t e n s i o n  w i l l  a l s o  b e  c r e a t e d
*  w i t h  a l l  t h e  i n d i c e s  l i s t e d  w h i c h  g e n e r a t e  t h e  v a l u e s  i n  t h e  b i n a r y
*  f i l e .  £
*  I n  r a n g e  a n d  d e b u g  m o d e ,  t h e  f i r s t  c o l u m n  c o n t a i n s  t h e  v a l u e  t o
*  b e  m a p p e d ,  t h e n  t h e  i n d i c e s  f o l l o w e d  b y  t h e  m a p p e d  v a l u e  a n d  t h e
*  e r r o r  f r o m  t h e  t a r g e t  s e e  a r g . c  f o r  t h e  o p t i o n s  
* /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  " s t r u c t s . h "
# i n c l u d e  " g l o b a l . h "
/ *
o p t b a s e
*/
i n t  m a i n (  i n t  a r g c ,  c h a r  * a r g v [ ]  )  
{
/* -------------------- */
i n t  i  ;
d o u b l e  b e s t b a s e ;  
d o u b l e  b e s t e r r o r ;
/* -------------------- */
/ *  p r o c e s s  c o m m a n d  l i n e  a r g u m e n t s ,  h a n d l e  a n y t h i n g  b a d  * /  
p r o c a r g s  
(
a r g c ,  
a r g v ,
3 ,
"\
r a n g e  i n f i l e  o u t f i l e \ n \
r a n g e \ t = \ t s e c o n d  b a s e  l i m i t e r  ( - r a n g e , r a n g e ]  ( z e r o  b i t  m o d e ) \ n \
\ t  \ t  [ - r a n g e , r a n g e ]  ( n o  z e r o  b i t  m o d e ) \ n \
i n f i l e \ t = \ t i n p u t  f i l e \ n \  




/ *  d e t e r m i n e  t h e  s e c o n d  b a s e  r a n g e  f r o m  t h e  f i r s t  p a r a m e t e r  * /  
l i m  =  a b s (  a t o i (  i n p u t s  [ 0 ]  )  ) ;
/ *  i f  o n e  b i t  m o d e  i s  o n ,  a n d  r a n g e  i s  1  o r  b e l o w ,  e x i t  * /  
i f (  o n e b i t  )
{
i f (  l i m  <  2  )
{
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*  i f  n o t  o n e  b i t  m o d e ,  a n d  r a n g e  i s  0  o r  b e l o w ,  e x i t ,  i t  i s  p o s s i b l e
*  t o  h a v e  a  r a n g e  o f  j u s t  1  
* /
e l s e
i f (  l i m  <  1  )
{
r e t u r n  2 ;
}
/ *  s e t  t h e  b e s t  e r r o r  a n d  b a s e  f o r  t h e  f i n e  t u n e r  * /  
b e s t e r r o r  =  l e l 4 ;  
b e s t b a s e  =  0 ;
/ *
*  p r o c e s s  t h e  i n p u t  d a t a ,  i t  c o u l d  b e  a  f i l e  o r  a  r a n g e ,  i f  n e i t h e r
*  e x i t  
* /
i f (  i  =  r e a d d a t a (  i n p u t s [ 1 ]  )  )
{
r e t u r n  i ;
}
/ *  d e f i n e  t h e  t o t a l  e l e m e n t s  d e r i v e d  f r o m  t h e  b a s e  * /  
l i m m a x  =  2  *  l i m ;
/ *  o n e  b i t  m o d e ?  r e m o v e  o n e  * /  
i f (  o n e b i t  )
{
l i m m a x - - ;
}
/ *  s e t  u p  m o r e  g l o b a l s  t o  i m p r o v e  p r o c e s s i n g  s p e e d  * /  
l i m m a x m  =  l i m m a x  -  1 ;  
l i m m a x p  =  l i m m a x  +  1 ;
/ *  a l l o c a t e  m e m o r y  * /
a r  =  m a l l o c (  s i z e o f ( * a r )  *  l i m m a x p  ) ;
/ *  l e a v e  i f  w e  d o n ' t  h a v e  a n y  * /  
i f (  ! a r  )
{
r e t u r n  1 0 ;
}
/ *  s e t  t h e  f i r s t  g e n e r a t e d  m a n t i s s a ,  i t  i s  a l w a y s  1  * /  
a r [ 0 ]  =  1 . 0 ;
/ *  s e t  t h e  p o i n t e r  f o r  t h e  s o r t i n g  a l g o r i t h m  * /  
a r p l  =  a r  +  1 ;
/ *  c a l l  w h a t e v e r  t h e  m e t h o d  i s  t o  p r o c e s s  t h e  d a t a  * /  
m e t h o d ( & b e s t b a s e ,  & b e s t e r r o r  ) ;
/ *  w r i t e  o u t  t h e  b i n a r y  a n d  t e x t  d a t a  a l o n g  w i t h  t h e  b a s e  a n d  e r r o r  * /  
i f (  i  =  w r i t e d a t a (  i n p u t s [ 1 ] ,  i n p u t s  [ 2 ] ,  b e s t b a s e ,  b e s t e r r o r  )  )
{
r e t u r n  i ;
}
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/ *  c l e a n  u p  * /  
f r e e (  a r  ) ;
/ *  r e p o r t  a n y  l o s t  a c c u r a c y  * /  
i f (  l o s t  )
{
f p r i n t f ( s t d e r r ,  " L o s t  a c c u r a c y  % d  t i m e s . \ n " ,  l o s t  ) ;
}
/ *  e x i t  n o r m a l l y  * /  
r e t u r n  0 ;
}
A.I.2 Anybase
The second tool, “anybase” computes the desired MDLNS representation for a given set of 
numbers or integer range for a particular base. It is primarily used evaluate the 
performance of different binary to MDLNS mapping schemes (quick, high/low, brute).
A.I.2.1 anybase.c
# i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
# i n c l u d e  < m a t h . h >  
# i n c l u d e  < e r r n o . h >
# i n c l u d e  " s t r u c t s . h "  
# i n c l u d e  " g l o b a l . h "
/ *
a n y b a s e . c
* /
i n t  m a i n (  i n t  a r g c ,  c h a r  * a r g v [ ]  )
{
/ * ------------------------------ * /
i n t  i ;
d o u b l e  b e s t b a s e ;  
d o u b l e  b e s t e r r o r ;
/ * ------------------------------ * /
p r o c a r g s
(
a r g c ,  
a r g v ,
4 ,
" \
r a n g e  i n f i l e  [ b a s e  f i l e ]  o u t f i l e \ n \
r a n g e \ t = \ t s e c o n d  b a s e  l i m i t e r  ( - r a n g e , r a n g e ]  ( z e r o  b i t  m o d e ) \ n \
\ t  \ t  [ - r a n g e , r a n g e ]  ( n o  z e r o  b i t  m o d e ) \ n \
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i n f i l e \ t = \ t i n p u t  f i l e  o r  s e q u e n c e  r a a x \ n \
b a s e , f i l e \ t = \ t b a s e  o r  f i l e  ( f r o m  o p t i m a l  b a s e  o u t p u t ) \ n \  
o u t f i l e \ t = \ t a n y b a s e  b a s e  o u t p u t  f i l e \
1
) ;
l i m  =  a b s (  a t o i (  i n p u t s  [ 0 ]  )  ) ;
i f (  l i m  <  2  )
{
r e t u r n  2 ;
}
b e s t e r r o r  =  l e l 4 ;  
b e s t b a s e  =  0 ;
i f (  i  =  r e a d d a t a (  i n p u t s [ 1 ]  )  )
{
r e t u r n  i ;
}
i f (  i  =  r e a d o u t p u t d a t a (  i n p u t s  [ 2 ] ,  k b e s t b a s e  )  )
{
b e s t b a s e  =  a t o f (  i n p u t s  [ 2 ]  ) ;  
i f (  b e s t b a s e  = =  0  )
{
r e t u r n  i ;
}
}
l i m m a x  =  2  *  l i m ;  
i f  ( o n e b i t  )
{
l i m m a x - - ;
}
l i m m a x m  =  l i m m a x  -  1 ;  
l i m m a x p  =  l i m m a x  +  1 ;
a r  =  m a l l o c (  s i z e o f ( * a r )  *  ( l i m m a x p )  ) ;  
i f f  ! a r  )
{
r e t u r n  1 0 ;
}
a r  [ 0 ]  =  1 . 0 ;  
a r p l  =  a r  +  1 ;
f p r i n t f (  s t d e r r ,  " B a s e  i s  :  % 1 . 2 5 1 f \ n " ,  b e s t b a s e  ) ;  
i  =  1 ;
i f ( u n i t e r r o r  )
{
i f f  ! c h e c k d i v (  b e s t b a s e ,  0 ,  & b e s t e r r o r ,  N U L L  )  )
{
f p r i n t f (  s t d e r r ,  " N o t  e r r o r  f r e e ! \ n "  ) ;  
i  =  0 ;
}
}
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e l s e
{
c h e c k d i v (  b e s t b a s e ,  l e l 4 ,  & b e s t e r r o r ,  NULL ) ;
}
i f  (  i  )
{
f p r i n t f (  s t d e r r ,  " E r r o r  i s :  % 1 . 2 5 1 f \ n " ,  b e s t e r r o r  ) ;  
c h e c k d i v m o d  =  d u m m y _ c h e c k d i v m o d ;
i f (  i  =  w r i t e d a t a (  i n p u t s [ 1 ] ,  i n p u t s  [ 3 ] ,  b e s t b a s e ,  b e s t e r r o r  )  )
{
r e t u r n  i ;
}
}
f r e e (  a r  ) ;
i f ( l o s t  )
{
f p r i n t f (  s t d e r r ,  " L o s t  a c c u r a c y  % d  t i m e s . \ n " ,  l o s t  ) ;
}
r e t u r n  0 ;
}
A. 1.3 Maketable
The third tool, “maketable” generates raw table data for the MDLNS HDL code. Further 
text processing if  performed by the HDL tools to make the output format more friendly to 
a synthesizer.
A.l.3.1 maketable.c
# i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
# i n c l u d e  < m a t h . h >  
f f i n c l u d e  < s t r i n g . h >  
# i n c l u d e  < e r r n o . h >
# i n c l u d e  " s t r u c t s . h "  
# i n c l u d e  " g l o b a l . h "
/*
m a k e t a b l e
*/
i n t  m a i n (  i n t  a r g c ,  c h a r  * a r g v  [ ]  )
{
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/* ----------------------------- */
i n t  i ;
i n t  a c ;
i n t  c v ;
i n t  l a s t ;
u n s i g n e d  l o n g  1 ;  
d o u b l e  b e s t b a s e ;
d o u b l e  b e s t e r r o r ;
/*----------------------------- */
p r o c a r g s
(
a r g c ,  
a r g v ,
4 ,
"\
' r a n g e  c r a n g e  [ b a s e  f i l e ]  m a n t i s s a \ n \
r a n g e \ t = \ t s e c o n d  b a s e  l i m i t e r  ( - r a n g e , r a n g e ]  ( z e r o  b i t  m o d e ) \ n \
\ t  \ t  [ - r a n g e , r a n g e ]  ( n o  z e r o  b i t  m o d e ) \ n \
c r a n g e \ t = \ t r e m o v e  f o r  c o n v e r s i o n  ( - r a n g e + c o n v r a n g e , r a n g e - c o n v r a n g e ]  
m o d e ) \ n \
\ t = \ t  [ - r a n g e + c o n v r a n g e , r a n g e - c o n v r a n g e ]
m o d e ) \ n \
b a s e , f i l e \ t = \ t b a s e  o r  f i l e  ( f r o m  o p t i m a l  b a s e  o u t p u t ) \ n \  
m a t i s s a \ t = \ t b i t s  t o  r e p r e s e n t  m a n t i s s a \
l i m  =  a b s (  a t o i (  i n p u t s  [ 0 ]  )  )  ;
i f (  l i m  <  2  )
{
r e t u r n  2 ;
}
c v  =  a b s (  a t o i (  i n p u t s [ 1 ]  )  ) ;  
i f (  c v  <  0  | |  c v  > =  l i m  )
{
r e t u r n  2 ;
}
a c  =  a b s (  a t o i ( i n p u t s [ 3 ]  )  ) ;
i f (  a c  <  2  )
{
r e t u r n  2 ;
}
1  =  1  < <  (  a c  -  1  )  ;
b e s t e r r o r  =  l e l 4 ;  
b e s t b a s e  =  0 ;
i f (  i  =  r e a d o u t p u t d a t a ( i n p u t s [ 2 ] ,  & b e s t b a s e  )  ) 
{
b e s t b a s e  =  a t o f (  i n p u t s [ 2 ]  ) ;  
i f (  b e s t b a s e  = =  0  )
{
r e t u r n  i ;
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}
/*
*  e r r n o = 0 ;  b e s t b a s e = a t o f ( i n p u t s  [ 2 ] ) ;  i f  ( b e s t b a s e = = 0  | |
*  e r r n o = = E I N V A L )  {  i f  ( i = r e a d o u t p u t d a t a ( i n p u t s  [ 2 ]  , & b e s t b a s e ) )  r e t u r n
*  i ;  }
*/
l i m m a x  =  2  *  l i m ;  
i f (  o n e b i t  )
{
l i m m a x - - ;
}
l i m m a x m  =  l i m m a x  -  1 ;  
l i m m a x p  =  l i m m a x  +  1 ;
a r  =  m a l l o c (  s i z e o f ( * a r )  *  ( l i m m a x p )  ) ;  
i f (  ! a r  )
{
r e t u r n  1 0 ;
}
a r [ 0 ]  =  1 . 0 ;  
a r p l  =  a r  +  1 ;
c h e c k d i v (  b e s t b a s e ,  l e l 4 ,  & b e s t e r r o r ,  N U L L  ) ;  
g e n t a b l e (  b e s t b a s e  ) , -
f p r i n t f (  s t d e r r ,  " B a s e  i s :  % 1 . 2 5 l f \ n " ,  b e s t b a s e  ) ;
l a s t  =  - 1 ;
i f (  o n e b i t  )
{
p r i n t f (  " % d \ t " ,  - l i m  ) ;
p r i n t f (  " % l d \ t " ,  (  u n s i g n e d  l o n g  )  ( 0 )  ) ;
p r i n t f (  " % d \ n " ,  ( a c  -  1 )  ) ;
}
f o r (  i  =  0 ;  i  <  l i m m a x ;  i + +  )
{
i f  (  a r i [ i ] . i  <  - l i m  +  c v  )
{
c o n t i n u e ;
}
i f (  a r i [ i ] . i  >  l i m  -  c v  )
{
c o n t i n u e ;
}
p r i n t f (  " % d \ t " ,  a r i [ i ] . i  ) ;
p r i n t f (  " % l d \ t " ,  (  u n s i g n e d  l o n g  )  ( a r i  [ i ]  . v  *  1 )  ) ;
p r i n t f (  " % d " ,  a r i [ i ] . e  +  ( a c  -  1 )  ) ;  
i f (  d e b u g  >  0  & &  l a s t  > =  0  )
{
p r i n t f (  " \ t % l d " ,  (  u n s i g n e d  l o n g  )  ( ( a r i f i ]  . v  -  a r i  [ l a s t ]  . v )  *  1 )  ) ;
}
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l a s t  =  i ;  
p r i n t f (  " \ n "  ) ;
}
f r e e (  a r i  ) ;  
f r e e (  a r  ) ;
i f (  l o s t  )
{
f p r i n t f (  s t d e r r ,  " L o s t  a c c u r a c y  % d  t i m e s . \ n " ,  l o s t  ) ;





s t r u c t s . h
*/
t y p e d e f  s t r u c t  _ e n t r i e s
d o u b l e  v ;  
i n t  e ,  i ;
e n t r i e s ;
t y p e d e f  s t r u c t  _ l i s t
d o u b l e  i ,  v ,  e ;  
l i s t ;
t y p e d e f  s t r u c t  _ m e t h o d s e n t
c h a r  c o m m a n d [ 5 ] ;
c h a r  d e s c [ 8 0 ] , -
i n t  d i g i t s ;
i n t  e r r a d d a r g s  ;
c h a r  e r r t e x t [ 8 0 ] ;
c h a r  e r r a r g s [ 5 ] [ 2 0 ] ;
i n t  (  * e r r i n i t  )  (  c h a r  * a r g v [ ]  ) ;
i n t  (  * c h e c k d i v m o d  )  (  d o u b l e  b e s t e r r ,  d o u b l e  * d  ) ;
d o u b l e  (  ‘ g e n a p p r o x i n d e x  )  (  d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t  )
i n t  (  * m e t h i n i t  )  (  c h a r  * a r g v [ ]  ) ;
v o i d  (  * m e t h o d  )  (  d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r  ) ;
i n t  m e t h a d d a r g s ;  
c h a r  m e t h t e x t [ 8 0 ] ;  
c h a r  m e t h a r g s [ 7 ] [ 2 0 ] ;
}  m e t h o d s e n t ;
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A.I.4.2 global.h
/ *  g l o b a l . h  * /
# d e f i n e  A L M O S T Z E R O  l e - 1 4
# d e f i n e  m a g i c i n  0 x 4 f 4 2 4 9 3 1
# d e f i n e  m a g i c o u t  0 x 4 f 4 2 4 f 3 1
e x t e r n  e n t r i e s  * m a t c h ,  * a r i ;
i n t f i n d b e s t ( d o u b l e  k e y ,  d o u b l e  * e r r  ) ;
d o u b l e n o r m a l i z e (  d o u b l e  f ,  i n t  * s  ) ;
i n t c h e c k d i v
(\
d o u b l e z ,
d o u b l e b e s t e r r ,
d o u b l e * e r r p ,
d o u b l e
\  .
* e r r i
i n t
) t
f i n e t u n e  
/\
d o u b l e a .
d o u b l e * o p t b a s e ,
d o u b l e * o p t e r r o r ,
d o u b l e
t  .
f
s t a t i c  i n t e n t r i e s c o m p a r e (  c o n s t  v o i d  * p l ,  c o n s t
i n t r e a d d a t a ( c h a r  * f i l e n a m e  ) ;
i n t w r i t e d a t a
/\
c h a r * i f i l e ,
c h a r * o f i l e ,
d o u b l e b b a s e ,
d o u b l e b e r r o r
* p 2  )  ;
v o i d
i n t
i n t
v o i d
v o i d
v o i d
g e n t a b l e (  d o u b l e  z  ) ;
r e a d o u t p u t d a t a (  c h a r  * f i l e n a m e ,  d o u b l e  * t h e b a s e  ) ;
g e n s e q u e n c e (  i n t  t o p  ) ;
i n i t l i s t (  i n t  i n c ,  d o u b l e  f a c t o r  ) ;
a d d l i s t (  d o u b l e  v a l ,  d o u b l e  i n d e x  ) ;
e n d l i s t (  d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r  ) ;
e x t e r n  v o i d t r a p i n t e r r u p t (  v o i d  ) ;
e x t e r n  i n t p r o c a r g s
i n t  a r g c ,
c h a r  * a r g v [ ] ,  
i n t  r e q a r g c ,  
c h a r  * r e q a r g v ,  
i n t  m o d e
e x t e r n  i n t d u m m y _ c h e c k d i v m o d (  d o u b l e  b e s t e r r ,  d o u b l e  * d  )
e x t e r n  i n t  (  * e r r i n i t  )  (  c h a r  * a r g v [ ]  ) ;
e x t e r n  i n t  (  * c h e c k d i v m o d  )  ( d o u b l e  b e s t e r r ,  d o u b l e  * d  ) ;
e x t e r n  d o u b l e  (  * g e n a p p r o x  )  (  d o u b l e  t m p  ) ;
e x t e r n  d o u b l e  (  * g e n a p p r o x i n d e x  )  (  d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t  ) ;
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e x t e r n i n t  (  * m e t h i n i t  )  (  c h a r  * a r g v [ ]  )
e x t e r n v o i d  ( * m e t h o d  )  (  d o u b l e  * o p t b a s e
e x t e r n i n t d e b u g ;
e x t e r n i n t s t o p p r o c e s s i n g ;
e x t e r n i n t u n i t e r r o r ;
e x t e r n i n t s w a p m o d e ;
e x t e r n i n t o n e b i t ;
e x t e r n i n t n o w e i g h t ;
e x t e r n i n t d i g i t s ;
e x t e r n i n t n u m i n p u t s ;
e x t e r n c h a r * i n p u t s [ 2 0 ] ;
e x t e r n d o u b l e * a r  ;
e x t e r n d o u b l e * a r p l ;
e x t e r n i n t l o s t  ;
e x t e r n i n t l i m m a x ,  l i m m a x m ,  l i m m a x p ;
e x t e r n e n t r i e s * a r i  ;
e x t e r n i n t l i m ,  t o t ,  s z ;
e x t e r n e n t r i e s * m a t c h ;
# i f d e f W I N 3 2
r e t u r n  t h e  e x p o n e n t  a n d  m a n t i s s a  o f  a  d o u b l e  £
t h i s  i s  a r c h i t e c t u r e  d e p e n d e n t ,  c h a n g e  b e f o r e  p o r t i n g
*/




*  t h i s  f u n c t i o n  i s  c o m p a r a b l e  t o  " f r e x p "  h o w e v e r  i t  r u n s  f a s t e r  s i n c e
*  n o  b o u n d  o r  e r r o r  c h e c k i n g  i s  d o n e  i t  i s  a b o u t  3  t i m e s  s m a l l e r  t h e
*  f  r e x p  
*/
i n t  t  ;
/ *  a  c h a r  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f  +  1 ;
/* --------------------------------------------------------------*/
/ *  i f  t h e  e x p o n e n t  p o i n t e r  i s  p r o v i d e d ,  s e t  i t  * /
i f  (  s  )
{
/ *  f i n d  t h e  e x p o n e n t  * /  
t  =  (  * a  &  0 x 7 f f f f f f f  )  > >  2 0 ;
* s  =  t  -  1 0 2 3 ;
}
/ *  r e m o v e  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /
* a  =  * a  &  O x O O O f f f f f  I 0 x 3 f f 0 0  0 0  0 ;
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/ *  r e t u r n  t h e  n o r m a l i z e d  v a l u e  * /  
r e t u r n  f ;
}
t t e l s e
/*
r e t u r n  t h e  e x p o n e n t  a n d  m a n t i s s a  o f  a  d o u b l e  £
t h i s  i s  a r c h i t e c t u r e  d e p e n d e n t ,  c h a n g e  b e f o r e  p o r t i n g
*/




*  t h i s  f u n c t i o n  i s  c o m p a r a b l e  t o  " f r e x p "  h o w e v e r  i t  r u n s  f a s t e r  s i n c e
*  n o  b o u n d  o r  e r r o r  c h e c k i n g  i s  d o n e  i t  i s  a b o u t  3  t i m e s  s m a l l e r  t h e
*  f r e x p  
*/
i n t  t ;
/ *  a  c h a r  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /  
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f ;  
/ *  * /
/ *  i f  t h e  e x p o n e n t  p o i n t e r  i s  p r o v i d e d ,  s e t  i t  * /  
i f (  s  )
{
/ *  f i n d  t h e  e x p o n e n t  * /  
t  =  (  * a  &  0 x 7 f f f f f f f  )  > >  2 0 ;
* s  =  t  -  1 0 2 3 ;
}
/ *  r e m o v e  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /  
* a  =  * a  &  O x O O O f f f f f  | O x 3 f f O O O O O ;
/ *  r e t u r n  t h e  n o r m a l i z e d  v a l u e  * /  
r e t u r n  f ;
}
# e n d i f
# i f d e f  W I N 3 2  
/*
a  c u s t o m  v e r s i o n  o f  l d e x p  l d e x p  l o a d s  a d d s  t o  t h e  e x i s t i n g  e x p o n e n t  i n  
t h e  f l o a t i n g  p o i n t  r e p r e s e n t a t i o n  o f  a  n u m b e r  t h i s  f u n c t i o n  i s  f a s t e r  
s i n c e  i t  d o e s n ' t  d o  a n y  e r r o r  c h e c k i n g
*/
_ i n l i n e  s t a t i c  d o u b l e  m y _ l d e x p (  d o u b l e  f ,  i n t  s  )
{
/* --------------------------------------------------------------*/
/ *  a  l o n g  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f  +  1 ;
/* -------------------------------------------------------------- */
/ *  c h e c k  f o r  z e r o  c a s e  * /  
i f (  f  = =  0  )
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r e t u r n  0 ;
/ *  a d d  t o  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /
* a  =  * a  &  0 x 8 0 0 f f f f f  | (  ( ( ( ( * a  &  0 x 7 f f f f f f f )  > >  2 0 )  +  s )  &  2 0 4 7 )  < <  2 0  ) ;
/ *  r e t u r n  t h e  n e w  v a l u e  * /  
r e t u r n  f ;
}
# e l s e
/*
a  c u s t o m  v e r s i o n  o f  l d e x p  l d e x p  l o a d s  a d d s  t o  t h e  e x i s t i n g  e x p o n e n t  i n  
t h e  f l o a t i n g  p o i n t  r e p r e s e n t a t i o n  o f  a  n u m b e r  t h i s  f u n c t i o n  i s  f a s t e r  
s i n c e  i t  d o e s n ' t  d o  a n y  e r r o r  c h e c k i n g
*/
s t a t i c  d o u b l e  m y _ l d e x p (  d o u b l e  f ,  i n t  s  )
{
/* --------------------------------------------------------*/
/ *  a  l o n g  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /  
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f ;
/* --------------------------------------------------------*/
/ *  c h e c k  f o r  z e r o  c a s e  * /  
i f (  f  = =  0  )
{
r e t u r n  0 ;
}
/ *  a d d  t o  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /
* a  =  * a  &  0 x 8 0 0 f f f f f  | (  ( ( ( { * a  &  0 x 7 f f f f f f f )  > >  2 0 )  +  s )  &  2 0 4 7 )  < <  2 0  ) ;
/ *  r e t u r n  t h e  n e w  v a l u e  * /  
r e t u r n  f ;
}
# e n d i f
# i f d e f  W I N 3 2
 i n l i n e  s t a t i c  v o i d  s w a p d o u b l e  (  d o u b l e  * x  )
# e l s e
s t a t i c  v o i d  s w a p d o u b l e  (  d o u b l e  * x  )
# e n d i f
{
d o u b l e  z  =  * x ;
u n s i g n e d  c h a r  * a  =  (  u n s i g n e d  c h a r  *  )  x ;  
u n s i g n e d  c h a r  * b  =  (  u n s i g n e d  c h a r  *  )  & z ;
a [ 0 ] =  b [ 7 ]
a [ 1 ] =  b [ 6 ]
a [ 2 ] =  b [ 5 ]
a [ 3 ] =  b [ 4 ]
a [ 4 ] =  b [ 3 3
a [ 5 ] =  b [ 2 ]
a [ 6 ] =  b [ 1 ]
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a  [ 7 ]  =  b [ 0 ]  ;  
r e t u r n ;
}
# i f d e f  W I N 3 2
 i n l i n e  s t a t i c  v o i d  s w a p i n t  (  u n s i g n e d  l o n g  * x  )
# e l s e
s t a t i c  v o i d  s w a p i n t  (  u n s i g n e d  l o n g  * x  )
# e n d i f
{
u n s i g n e d c h a r * a  =  (! u n s i g n e d c h a r *  ) x ;
u n s i g n e d c h a r * b  =  ( u n s i g n e d c h a r *  ) x  + 1
u n s i g n e d c h a r * c  =  (! u n s i g n e d c h a r *  ) x  + 2
u n s i g n e d c h a r * d  =  (! u n s i g n e d c h a r *  ) x  + 3
u n s i g n e d c h a r e ,  f  ;
e  =  * a ;
* a  =  * d ;
* d  =  e ;  
f  =  * b  ;
* b  =  * C ;
* C  =  f ;
r e t u r n ;
}
# i f d e f  W I N 3 2  
/*
A  f a s t e r  c o p y s i g n
*/
 i n l i n e  s t a t i c  d o u b l e  c o p y s i g n ( d o u b l e  x ,  d o u b l e  y  )
{
/* --------------------------------------------------------------*/
d o u b l e  z  =  x ;
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & z  +  1 ;
u n s i g n e d  l o n g  * b  =  (  u n s i g n e d  l o n g  *  )  & y  +  1 ;
/* --------------------------------------------------------------*/
* a  =  * a  &  0 x 7 f f f f f f f  I (  * b  &  0 x 8 0 0 0 0 0 0 0  ) ;
r e t u r n  z ;
}
# e n d i f
# i f n d e f  W I N 3 2
# p r a g m a  i n l i n e _ r o u t i n e s (  n o r m a l i z e ,  m y _ l d e x p ,  s w a p d o u b l e ,  s w a p i n t  ) ;  
# e n d i f
A.l.4.3 global.c
/ *  g l o b a l . c  * /  
# i n c l u d e  " s t r u c t s . h "
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i n t  (  * e r r i n i t  ) (  c h a r  * a r g v [ ]  )  =  0 ;
i n t  (  * c h e c k d i v m o d  ) ( d o u b l e  b e s t e r r ,  d o u b l e  * d  )  =  0 ;
d o u b l e  (  * g e n a p p r o x i n d e x  )  (  d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t  )  =  0 ;
i n t  (  * m e t h i n i t  )  (  c h a r  * a r g v [ ]  )  =  0 ;
d o u b l e  (  * m e t h o d  )  ( d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r  )  =  0 ;
i n t d e b u g  =  0 ;
i n t s t o p p r o c e s s i n g  =
i n t u n i t e r r o r  =  0 ;
i n t s w a p m o d e  =  0 ;
i n t o n e b i t ;
i n t n o w e i g h t  =  0 ;
i n t d i g i t s ;
i n t n u m i n p u t s  =  0 ;
c h a r * i n p u t s [ 2 0 ]  ;
d o u b l e  * a r ;  
d o u b l e  * a r p l ;  
i n t  l o s t  =  0  ;
i n t  l i m m a x  =  0 ,  l i m m a x m  =  0 ,  l i m m a x p  =  0 ;
e n t r i e s  * a r i ;
i n t  l i m ,  t o t  =  0 ,  s z ;
e n t r i e s  * m a t c h ;
A.I.4.4 fun.c
/ *  f u n . c  * /
# i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
# i n c l u d e  < m a t h . h >  
# i n c l u d e  < s i g n a l . h >
# i n c l u d e  " s t r u c t s . h "  
# i n c l u d e  " g l o b a l . h "
/*
c o m p a r e  t w o  d o u b l e s  t o g e t h e r  f o r  q s o r t  a n d  b s e a r c h  ( a s c e n d i n g )
*/
i n t  d o u b l e c o m p a r e (  c o n s t  v o i d  * p l ,  c o n s t  v o i d  * p 2  )  
{
/* -------------------------------------------*/
d o u b l e  i  =  * (  (  d o u b l e  *  )  p i  ) ;
d o u b l e  j  =  * (  (  d o u b l e  *  )  p 2  ) ;
/* ------------------------------------------ */
i f (  i  >  j  )
{
r e t u r n  1 ;
}
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i f (  i  <  j  )
{
r e t u r n  - 1 ;
}
/*
*  t y p i c a l l y  t h i s  f u n c t i o n  i s  u s e d  w h e n  s o r t i n g  t h e  g e n e r a t e d  v a l u e s
*  o f  t h e  s e q u e n c e  t h e r e  s h o u l d n ' t  b e  a  t i m e  w h e n  t w o  v a l u e s  a r e  e q u a l
*  s o  a  g l o b a l  v a l u e  i s  a l l o c a t e d  w h i c h  i s  i n c r e m e n t e d  e a c h  t i m e  a n
*  " e q u a l "  s c e n a r i o  i s  f o u n d  t h i s  m e a n s  t h a t  t h e  a c c u r a c y  o f  t h e
*  f l o a t i n g  p o i n t  w a s n ' t  e n o u g h  a n d  t w o  v a l u e s  a r e  e q u a l
*/
l o s t + + ;
r e t u r n  0 ;
}
/*
t h i s  f u n c t i o n  o p e r a t e s  a s  t h e  s y s t e m  f u n c t i o n  " b s e a r c h "  h o w e v e r  i t  i s  
o p t i m i z e d  f o r  t h i s  p a r t i c u l a r  a p p l i c a t i o n  t h i s  f u n c t i o n  i s  u s e d  h e a v i l y  
a n d  i s  o p t i m i z e d  t o  i m p r o v e  a p p l i c a t i o n  s p e e d
*/
i n t  f i n d b e s t (  d o u b l e  k e y ,  d o u b l e  * e r r  ) 
{
/ * ------------------------------- * /
/ *  s t a n d a r d  b i n a r y s e a r c h a l g o r i t h m * /
i n t  1  ;
/ *  s t a n d a r d  b i n a r y s e a r c h a l g o r i t h m * /
i n t  u  ;
/ *  s t a n d a r d  b i n a r y s e a r c h a l g o r i t h m * /
i n t  i d x ;
d o u b l e  g v ;
/ * ------------------------------- * /
/ *  s e t  t h e  e r r o r  t o  a  v e r y  l a r g e  n u m b e r  * /
* e r r  =  l e l 4 ;
/ *  s e t  t h e  l o w e r  ( i n d e x  t o  f i r s t )  a n d  u p p e r  b o u n d  ( i n d e x  t o  l a s t  +  1 )  * /  
1 = 0;
u  =  l i m m a x p ;
/ *  l o o p  u n t i l  t h e  l o w e r  b o u n d  i s  l e s s  t h e n  t h e  u p p e r  * /  
w h i l e (  1  <  u  )
{
/ *  f i n d  t h e  m i d  p o i n t  i n  t h e  a r r a y  * /  
i d x  =  (  1  +  u  )  /  2 ;
/ *  g e t  t h e  v a l u e  * /  
g v  =  a r [ i d x ] ;
/ *  c o m p a r e  t h e  t a r g e t  w i t h  i t  * /  
i f  (  k e y  <  g v  )
{
/ *  s e t  t h e  u p p e r  b o u n d  t o  t h e  m i d  p o i n t  * /  
u  =  i d x ;
}
Software Optimal Base Tools
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
173
University o f  W indsor
e l s e
i f (  k e y  >  g v  )
{
/ *  s e t  t h e  l o w e r  b o u n d  t o  t h e  m i d  p o i n t  +  1  * /
1  =  i d x  +  1 ;
}
e l s e
{
/ *  i f  i t  i s  e q u a l ,  s e t  t h e  e r r o r  t o  z e r o  a n d  l e a v e  * /
* e r r  =  0 . 0 ;  




*  t h e  t a r g e t  w a s n ' t  f o u n d  b u t  w e  w i l l  t r y  t o  f i n d  t h e  c l o s e s t  e l e m e n t  £
*  s e a r c h  a r o u n d  t h e  f i n a l  v a l u e  c o m p a r e d
*/
f o r (  1  =  i d x  -  1 ;  1  <  i d x  +  2 ;  1 + +  )
{
/ *  s k i p  t h i s  e n t r y  i f  i t  i s  o u t  o f  r a n g e  * /
i f  (  1  <  0  | |  1  >  l i m m a x  )
{
c o n t i n u e ;
}
/ *  c o m p a r e  * /  
g v  =  k e y  -  a r  [ 1 ] ;
/ *  i f  t h e  e r r o r  i s  s m a l l e r  t h a n  b e f o r e ,  m a k e  i t  t h e  b e s t  * /  
i f  (  f a b s (  g v  )  <  f a b s (  * e r r  )  )
{
U  =  1 ;
* e r r  =  g v ;
}
}
/ *  r e t u r n  w i t h  t h e  c l o s e s t  e l e m e n t  * /  
r e t u r n  u ;
}
g e n e r a t e  a  s e q u e n c e  a n d  f i n d  t h e  e r r o r  r e l a t i v e  t o  t h e  g i v e n
*/
i n t  c h e c k d i v f  d o u b l e  z ,  d o u b l e  b e s t e r r ,  d o u b l e  * e r r p ,  d o u b l e  * e r r i  )
{
/*----------------------- */
i n t  i ;
i n t  j  ;
d o u b l e  f  =  1 ;
u n s i g n e d  l o n g  * a ;  
d o u b l e  d ;
/* ----------------------- */
/*
*  i f  " n o n - z e r o  m o d e "  i s  e n a b l e d ,  g e n e r a t e  a  s e q u e n c e  f r o m  - ( l i m - 1 )  t o
*  ( l i m - l )  a s  f a s t  a s  p o s s i b l e
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*/
i f ( o n e b i t  )
{
i  =  l ;
f  =  Z ;
f o r (  j  =  1 ;  j  <  l i m ;  j + +  )
{
a r  [ i + + ]  =  1  /  f ;  
a r [ i + + ]  =  f ;  
f  =  f  *  z ;
}
a r [ i ]  =  2 . 0 ;
}
e l s e
/ *  g e n e r a t e  a  s e q u e n c e  f r o m  - ( l i m )  t o  ( l i m - 1 )  a s  f a s t  a s  p o s s i b l e  * /
{
i  =  0 ;  
f  =  z ;
f o r (  j  =  1 ;  j  < =  l i m ;  j + +  )
{
a r [ + + i ]  =  1  /  f ;  
a r [ + + i ]  =  f ;  
f  =  f  *  z  ;
}
a r [ i ]  =  2 . 0 ;
}
/*
*  g o  t h r o u g h  a n d  n o r m a l i z e  a l l  t h e  v a l u e s ,  d o n ' t  u s e  a  f u n c t i o n  h e r e
*  s o  t h a t  p e r f o r m a n c e  c a n  b e  i m p r o v e d  
*/
f o r (  j  = 1 ;  j  <  l i m m a x ;  j + +  )
{
# i f d e f  W I N 3 2
a  =  (  u n s i g n e d  l o n g  *  )  & a r [ j ]  +  1 ;
# e l s e
a  =  (  u n s i g n e d  l o n g  *  )  & a r [ j ] ;
# e n d i f
* a  =  * a  &  O x O O O f f f f f  | 0 x 3 f f 0 0 0 0 0 ;
}
/ *  s o r t  t h e  s e q u e n c e  * /
q s o r t ( a r p l , l i m m a x m ,  s i z e o f ( f ) ,  d o u b l e c o m p a r e  ) ;
/*
*  f o r (  j  =  0  ;  j  <  l i m m a x p  ;  j  + +  )  {  p r i n t f  (  "  [ % d ]  % 1 . 2 0 1 f \ n "  ,  j  ,
*  a r [  j  ]  )  ;  }  £
*  s e t  t h e  e r r o r  t o  w h a t  w a s  p a s s e d  
*/
i f  (  e r r p  )
{
* e r r p  =  b e s t e r r ;
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}
/ *  r u n  t h e  e r r o r  m e t h o d  t o  d e t e r m i n e  t h e  e r r o r  * /  
i f (  ! c h e c k d i v m o d (  b e s t e r r ,  & d  )  )
{
r e t u r n  0 ;
}
/*
*  i f  i t  r e t u r n e d  n o n - z e r o ,  t h e n  i t  w a s  b e t t e r  t h e n  w h a t  w a s  p a s s e d  £
*  s e t  t h e  r e t u r n  v a l u e s  a p p r o p r i a t e l y  
*/
i f  (  e r r p  )
{
* e r r p  =  d ;
}
i f (  e r r i  )
{
* e r r i  =  z ;
}




i n t  f i n e t u n e (  d o u b l e  a ,  d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r ,  d o u b l e  f  )
{
/* -------------------- */
i n t  i  ;
/ *  d o u b l e  f ;  * /  
d o u b l e  b e s t b a s e ;
/ *  d o u b l e  f ;  * /  *
d o u b l e  b e s t e r r o r ;
/*-------------------- */
i f  (  f  >  0 . 0 1  )
{
f  =  0 . 0 1 ;
}
b e s t b a s e  =  0 ;  
b e s t e r r o r  =  l e l 4 ;
c h e c k d i v (  a ,  b e s t e r r o r ,  & b e s t e r r o r ,  & b e s t b a s e  ) ;  
i  =  0 ;
w h i l e (  1 . 0  +  f  ! =  1 . 0  )
{
i f (  b e s t e r r o r  <  A L M O S T Z E R O  )
{
b r e a k ;
}
i f (  i  ! =  - 1  & &  c h e c k d i v (  a  +  f ,  b e s t e r r o r ,  & b e s t e r r o r ,  & b e s t b a s e  )  )
{
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a  =  a  +  f  ;  
x  =  1 ;  
c o n t i n u e ;
}
i f (  i  ! =  1  & &  c h e c k d i v (  a  -  f ,  b e s t e r r o r ,  k b e s t e r r o r ,  & b e s t b a s e  ) )
{
a  =  a  -  f  ;
i  =  - 1 ;  
c o n t i n u e ;
}
f  =  f  /  1 0 ;  
i  =  0 ;
}
i f (  b e s t e r r o r  <  * o p t e r r o r  )
{
i f (  d e b u g  )
{
p r i n t f
(
" N e w  B a s e :  % 1 . 1 5 1 f  N e w  E r r o r :  % 1 . 1 5 1 f \ n " ,
b e s t b a s e ,
b e s t e r r o r
) ;
p r i n t f
(
" O l d  B a s e :  % 1 . 1 5 1 f  O l d  E r r o r :  % 1 . 1 5 1 f \ n " ,
* o p t b a s e ,
* o p t e r r o r
* o p t e r r o r  =  b e s t e r r o r ;  
* o p t b a s e  =  b e s t b a s e ;
r e t u r n  1 ;
}




v o i d  s i g n a l s t o p (  i n t  s i g  )
{
s t o p p r o c e s s i n g + + ;
s i g n a l (  S I G I N T ,  s i g n a l s t o p  ) ;  
s i g n a l  (  S I G T E R M ,  s i g n a l s t o p  ) ;
r e t u r n ;
}
/*
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*/
v o i d  t r a p i n t e r r u p t (  v o i d  )
{
s i g n a l (  S I G I N T ,  s i g n a l s t o p  ) ;  
s i g n a l ( S I G T E R M ,  s i g n a l s t o p  ) ;




*  a r g s . c  £
*  f u n c t i o n s  h e r e  f a c i l i t a t e  t h e  p r o c e s s i n g  o f  c o m m a n d  l i n e  o p t i o n s .
*  o p t i o n s :  - z  =  z e r o  b i t  m o d e  i n d i c a t e s  t o  u s e  t w o  b i t s  t o  r e p r e s e n t
*  t h e  s i g n  f o r  e a c h  d i g i t .  I t  w i l l  b e  - 1 ,  0  o r  1  - n z  =  n o n - z e r o  b i t
*  m o d e  i n d i c a t e s  t o  u s e  o n l y  o n e  b i t  t o  r e p r e s e n t  t h e  s i g n  f o r  e a c h
*  d i g i t .
*/
t t i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
t t i n c l u d e  " s t r u c t s . h "  
t t i n c l u d e  " g l o b a l . h "  
t t i n c l u d e  " m e t h o d s . h "
/*
s e t u p  a  d u m m y  c h e c k d i v m o d  f u n c t i o n  s o  t h a t  p r o g r a m s  c a n  u s e  t h e  c o r e  
c o d e  w i t h o u t  n e e d i n g  a n y  o p t i m i z a t i o n  f u n c t i o n s
*/
i n t  d u m m y _ c h e c k d i v m o d (  d o u b l e  b e s t e r r ,  d o u b l e  * d  )
{
* d  =  0  ;  
r e t u r n  0 ;
}
/*
d i s p l a y  u s a g e  w h e n  a r g u m e n t s  a r e  i n c o r r e c t
*/
v o i d  u s a g e ( c h a r  * a r g v [ ] ,  c h a r  * r e q a r g v ,  i n t  m o d e  )
{
/ *  — * /  
i n t  i  ;
/*„_*/
/ *  p r i n t  c o m m a n d  c o d e  a n d  p a s s e d  u s a g e  * /  
f p r i n t f )  s t d e r r ,  " U s a g e :  % s  % s \ n " ,  a r g v [ 0 ] ,  r e q a r g v
/ *  p r i n t  g l o b a l  s w i t c h e s  * /
f p r i n t f )  s t d e r r ,  " - z \ t = \ t z e r o  b i t  m o d e  ) d e f a u l t ) \ n "  
f p r i n t f (  s t d e r r ,  " - n z \ t = \ t n o  z e r o  b i t  m o d e \ n "  ) ;
Software Optimal Base Tools
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
178
University o f  W indsor
f p r i n t f (  s t d e r r ,  " - w \ t = \ t w e i g h t  m o d e  ( d e f a u l t ) \ n "  )  ;
f p r i n t f (  s t d e r r ,  " - n w \ t = \ t n o  w e i g h t  m o d e \ n "  ) ;
f p r i n t f ( s t d e r r ,  " - u \ t = \ t u n i t  e r r o r  m o d e \ n "  ) ;
f p r i n t f (  s t d e r r ,  " - n u \ t = \ t n o  u n i t  e r r o r  m o d e  ( d e f a u l t ) \ n "  ) ;
/ *  o n l y  i f  r e q u e s t e d ,  p r i n t  o u t  t h e  m e t h o d s  * /  
i f (  m o d e  >  0  )
{
f p r i n t f ( s t d e r r ,  " \ n M e t h o d  s w i t c h e s : \ n "  ) ;
f o r t  i  =  0 ;  i  <  n u m m e t h o d s ;  i + +  )
{
f p r i n t f
(
s t d e r r ,
" % s \ t = \ t ( % s )  % s  % s \ n " ,  
m e t h o d s [ i ] . c o m m a n d ,  
m e t h o d s [ i ] . d e s c ,  
m e t h o d s  [ i ]  . e r r t e x t ,  




/ *  e x i t  a b n o r m a l l y  * /  
e x i t (  1  ) ;
}
/*
p r o c e s s e s  t h e  c o m m m a n d  l i n e  a r g u m e n t s  b y  p a s s i n g  n o n - s w i t c h e s  i n t o  a  
g l o b a l  v a r i a b l e  a n d  s e t t i n g  u p  t h e  f u n c t i o n  p l u g i n s  f o r  t h e  a s s o c i a t e d  
m e t h o d s  £
a r g c  a n d  a r g v  a r e  p a s s e d  f r o m  t h e  c o m m a n d  l i n e  r e q a r g s  i s  t h e  n u m b e r  o f  
a r g u m e n t s  t h a t  t h e  c u r r e n t  a p p l i c a t i o n  n e e d s  r e g a r g v  i s  w h a t  i s  p r i n t e d  
w h e n  t h e  a r g u m e n t s  a r e n ' t  c o r r e c t  w h e n  m o d e  i s  0 ,  a  m e t h o d  i s  n o t  
n e e d e d ,  e l s e  o n e  w i l l  b e  n e e d e d
*/
i n t  p r o c a r g s  
(
i n t  a r g c ,  
c h a r  * a r g v [ ) ,  
i n t  r e q a r g c ,  
c h a r  * r e q a r g v ,  




i n t  i  ;
i n t  j  ;
i n t  k ;
i n t  m e t h  =  - 1 ;  
c h a r  * t e m p i n p u t s [ 2 0 ] ;
/* -------------------------- */
/ *  c h e c k  t o  m a k e  s u r e  r e q u i r e d  a r g u m e n t s  e x i s t  * /  
i  =  0 ;
Software Optimal Base Tools
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
179
University o f  W indsor
/ *  i f  m o d e ,  a d d  o n e  t o  i s  ( m e t h o d  s e l e c t i o n )  * /  
i f (  m o d e  >  0  )
{
i  +  + ;
}
i f  (  a r g c  < =  r e q a r g c  +  i  )
{
/ *  b a i l  o u t  t o  u s a g e ,  e x i t s  p r o g r a m  * /  
u s a g e (  a r g v ,  r e q a r g v ,  m o d e  ) ;
}
/*
*  s e t u p  a  d u m m y  c h e c k d i v m o d  s i n c e  p r o g r a m s  t h a t  d o n ' t  u s e  t h e  m e t h o d s
*  w i l l  s t i l l  n e e d  t h i s  d e f i n e d  
*/
c h e c k d i v m o d  =  d u m m y _ c h e c k d i v m o d ;
/ *  s t a r t  p r o c e s s i n g  t h e  a r g u m e n t s  a t  a r g v  1  * /  
i  =  1 ;
w h i l e ( i  <  a r g c  )
{
/ *  c h e c k  f o r  d e b u g  m o d e  w h i c h  i s  u n d o c u m e n t e d  * /  
i f (  ! s t r c m p (  a r g v [ i ] ,  " - d "  )  )
{
/ *  s e t  d e b u g  v a r i a b l e  * /  
d e b u g + +  ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  * /  
i +  +  ;
}
/ *  c h e c k  f o r  " z e r o  b i t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - z "  )  )
{
/ *  s e t  g l o b a l  v a r i a b l e  * /  
o n e b i t  =  0 ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  * /
i + + ;
}
/ *  c h e c k  f o r  " n o n - z e r o  b i t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - n z "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
o n e b i t  =  1 ;  
i  +  +  ;
}
/ *  c h e c k  f o r  " w e i g h t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - w "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
n o w e i g h t  =  0 ;  
i + +  ;
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}
/ *  c h e c k  f o r  " n o  w e i g h t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  ” - n w "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
n o w e i g h t  =  1 ;  
i  +  +  ;
}
/ *  c h e c k  f o r  " u n i t  e r r o r  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - u "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
u n i t e r r o r  =  1 ;  
i  +  + ;
}
/ *  c h e c k  f o r  " n o  u n i t  e r r o r  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  ” - n u "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
u n i t e r r o r  =  0 ;  
i + +  ;
}
/ *  n o  o t h e r  a r g u m e n t s  h e r e ,  s t a r t  t o  s t o r e  t h e m  f o r  t h e  a p p l i c a t i o n  * /  
e l s e  
{
/ *  c h e c k  t o  s e e  i f  i t  i s  a  m e t h o d  s w i t c h  f i r s t  * /  
k  =  0 ;
/ *  l o o p  t h r o u g h  a l l  d e f i n e d  m e t h o d s  * /  
f o r (  j  = 0 ;  j  <  n u m m e t h o d s ;  j + +  )
{
/ *  i f  a  m a t c h  i s  f o u n d  . . .  * /
i f (  ! s t r c m p (  a r g v [ i ] ,  m e t h o d s [ j ] . c o m m a n d  )  )
{
/ *  m a k e  s u r e  a n o t h e r  m e t h o d  h a s n ' t  a l r e a d y  b e e n  s e t  * /  
i f (  m e t h  > =  0  )
{
/ *  b a i l  . . .  * /
f p r i n t f (  s t d e r r ,  " O n l y  o n e  m e t h o d  c a n  b e  u s e d . \ n "  ) ;  
u s a g e (  a r g v ,  r e q a r g v ,  m o d e  ) ;
}
/ *  r e m e m b e r  t h e  m e t h o d  f o r  l a t e r  * /  
m e t h  =  j ;
/ *  s e t  t h e  a p p r o r i a t e  g l o b a l  v a r i a b l e  a n d  f u n c t i o n s  * /
d i g i t s  =  m e t h o d s [ j ] . d i g i t s ;
e r r i n i t  =  m e t h o d s [ j ] . e r r i n i t ;
c h e c k d i v m o d  =  m e t h o d s [ j ] . c h e c k d i v m o d ;
g e n a p p r o x i n d e x  =  m e t h o d s [ j ] . g e n a p p r o x i n d e x ;
m e t h i n i t  =  m e t h o d s [ j ] . m e t h i n i t ;
m e t h o d  =  m e t h o d s [ j ] . m e t h o d ;
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/*
*  s e t  a  s w i t c h  s o  w e  d o n ' t  f o l l o w  t h r o u g h  w i t h  s t o r i n g  t h i s
*  s w i t c h  f o r  a p p l i c a t i o n  i n p u t s  
*/
k++ ; 
b r e a k ;
}
}
/ *  w a s  i t  a  m e t h o d  s w i t c h ?  * /  
i f (  ! k  )
{
/ *  n o ,  s t o r e  i t  f o r  t h e  a p p l i c a t i o n  * /  
i n p u t s [ n u m i n p u t s + + ]  =  a r g v [ i ] ;
}
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  r e g a r d l e s s  * /
i + + ;
}
}
/ *  i s  a  m e t h o d  r e q u i r e d ?  * /  
i f (  m o d e  >  0  )
{
/ *  y e s ,  m a k e  s u r e  o n e  w a s  s e l e c t e d  * /  
i f (  m e t h  <  0  )
{
f p r i n t f (  s t d e r r ,  " O n e  m e t h o d  m u s t  b e  c h o s e n . \ n "  ) ;  
u s a g e (  a r g v ,  r e q a r g v ,  m o d e  ) ;
}
/*
*  g e n e r a t e  a  m i r r o r e d  i n p u t  a r r a y ,  n u l l  o u t  t h e  v a l u e s  w h i c h  h a v e
*  b e e n  p a s s e d  a n d  p l a c e  i n  t h e  m e t h o d s  d e f a u l t s  
*/
j  =  0 ;
f o r (  i  =  0 ;  i  <  r e q a r g c ;  i + +  )
{
t e m p i n p u t s [ j + + ]  =  0 ;
}
/ *  e n t e r  t h e  e r r o r  f u n c t i o n  d e f a u l t s  * /  
f o r ( i  =  0 ;  i  <  m e t h o d s [ m e t h ] . e r r a d d a r g s ;  i + +  )
{
t e m p i n p u t s [ j + + ]  =  m e t h o d s [ m e t h ]  . e r r a r g s  [ i ] ;
}
/ *  e n t e r  t h e  m e t h o d  f u n c t i o n  d e f a u l t s  * /  
f o r (  i  =  0 ;  i  <  m e t h o d s [ m e t h ] . m e t h a d d a r g s ;  i + +  )
{
t e m p i n p u t s [ j + + ]  =  m e t h o d s [ m e t h ] . m e t h a r g s [ i ] ;
}
/ *  m o v e  t h e  u n u s e d  d e f a u l t s  i n t o  t h e  a p p l i c a t i o n s  i n p u t s  * /  
f o r (  i  =  n u m i n p u t s ;  i  <  j ;  i + +  )
{
i n p u t s  [ i ]  =  t e m p i n p u t s  [ i ]  ;
}
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/ *  i n i t i a l i z e  t h e  e r r o r  f u n c t i o n  * /  
i f (  e r r i n i t  (  i n p u t s  +  r e q a r g c  )  )
{
/ *  p r o b l e m  i n t e r p r e t i n g  t h e  a r g u m e n t s ,  b a i l  * /  
u s a g e  (  a r g v ,  r e q a r g v ,  m o d e  ) ;
}
/ *  i n i t i a l i z e  t h e  m e t h o d  f u n c t i o n  * /
i f (  m e t h i n i t (  i n p u t s  +  r e q a r g c  +  m e t h o d s [ m e t h ] . e r r a d d a r g s  )  ) 
{
/ *  p r o b l e m  i n t e r p r e t i n g  t h e  a r g u m e n t s ,  b a i l  * /  
u s a g e (  a r g v ,  r e q a r g v ,  m o d e  ) ;
}
}
/ *  e x i t  * /  
r e t u r n  0 ;
}
A.l.4.6 io.c
/ *  i o . c  * /
# i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
# i n c l u d e  < m a t h . h >  
# i n c l u d e  < s t r i n g . h >  
# i n c l u d e  < e r r n o . h >
t t i n c l u d e  " s t r u c t s . h "  
# i n c l u d e  " g l o b a l . h "
# i n c l u d e  " m e t h o d s . h "
s t a t i c  g e n e r a t e d  =  0 ;
/*
c o m p a r e  t w o  d o u b l e s  t o g e t h e r  f o r  q s o r t  a n d  b s e a r c h  ( a s c e n d i n g )
*/
s t a t i c  i n t  e n t r i e s c o m p a r e (  c o n s t  v o i d  * p l ,  c o n s t  v o i d  * p 2  )  
{
/* -------------------------------------- */
e n t r i e s  * i  =  (  e n t r i e s  *  ) p i ;
e n t r i e s  * j  =  (  e n t r i e s  *  )  p 2 ;
/* -------------------------------------- */
i f (  i - > v  >  j - > v  )
{
r e t u r n  1 ;
}
i f  (  i -  > v  <  j  -  > v  )
{
r e t u r n  - 1 ;
}
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r e t u r n  0 ;
}
/*
r e a d  i n  a  d a t a  f i l e  f o r  m a t c h i n g  t h e  f i l e  m u s t  b e  a  l i s t  o f  i e e e  d o u b l e s  
( g e n e r a t e d  f o r  t h i s  m a c h i n e )
*/
i n t  r e a d d a t a (  c h a r  * f i l e n a m e  ) 
{
/ * -------------------------- -------------------------------------- * /
i n t i  ;
i n t j  ;
d o u b l e *  i n p  ;
d o u b l e t m p ;
d o u b l e t m p 2 ;
F I L E * f  i n ;
u n s i g n e d l o n g  m a g i c ;
/*  */
/ *  o p e n  t h e  f i l e  f o r  r e a d  i n  b i n a r y  m o d e  * /  
f i n  =  f o p e n (  f i l e n a m e ,  " r b "  ) ;
/ *  i f  e r r o r ,  r e t u r n  3  * /  
i f (  ! f i n  )
{
s z  =  a b s (  a t o i (  f i l e n a m e  )  ) ;  
i f  (  s z  = =  0  | | e r r n o  = =  E I N V A L  )
{
r e t u r n  3 ;
}
g e n e r a t e d + + ;
/ *  a l l o c a t e  m e m o r y  f o r  t h e m  * /  
i n p  =  m a l l o c (  s i z e o f ( * i n p )  *  s z  ) ;
/ *  b a i l  i f  e r r o r  * /  
i f (  ! i n p  )
{
r e t u r n  1 0 ;
}
/ *  g e n e r a t e  t h e m  i n  * /  
t o t  =  0 ;
/ *  f o r  ( i = 3 ; i < s z + l ; i + = 2 )  * /
f o r (  i  =  s z  /  2 + 1 ;  i  < =  s z ;  i + +  )
{
t m p  =  i ;
/ *  n o r m a l i z e  i t  t o  s e e  i f  i t  i s  a  p o w e r  o f  2  * /  
t m p 2  =  n o r m a l i z e (  f a b s (  t m p  ) ,  N U L L  ) ;
/ *  i f  i t  i s ,  s k i p  i t  * /  
i f (  t m p 2  = =  1  )
{
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c o n t i n u e ;
/ *  i t  i s  a  g o o d  v a l u e ,  a d d  i t  t o  t h e  a r r a y  * /  
i n p [ t o t ]  =  t m p ;
/ *  i n c r e m e n t  a r r a y  c o u n t e r  * /  
t o t + + ;
}
}
e l s e
{
/ *  r e a d  m a g i c  n u m b e r  * /
i f (  f r e a d (  & m a g i c ,  s i z e o f ( m a g i c ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  c h e c k  e n d i a n  m o d e  * /  
i f (  m a g i c  = =  m a g i c i n  )
{
s w a p m o d e  =  0 ;
}
e l s e
{
s w a p i n t (  & m a g i c  ) ;  
i f (  m a g i c  = =  m a g i c i n  )
{
s w a p m o d e  =  1 ;
}
/ *  i f  n o  e n d i a n  o f  m a g i c  n u m b e r  m a t c h e s  b a i l  * /  
e l s e  
{
r e t u r n  3 ;
}
}
/ *  f i n d  t h e  e n d  * /  
f s e e k ( f i n ,  0 ,  S E E K _ E N D  ) ;
/ *  d e t e r m i n e  t h e  s i z e  * /
s z  =  f t e l l (  f i n  )  -  s i z e o f (  m a g i c  ) ;
/ *  i f  i t  i s n ' t  a  v a l i d  s i z e ,  e r r o r  o u t  * /  
i f  (  s z  %  s i z e o f ( * i n p )  ! =  0  )
{
r e t u r n  2 ;
}
/ *  f i n d  t h e  n u m b e r  o f  p o i n t s  * /  
s z  =  s z  /  s i z e o f (  * i n p  )  ;
/ *  g o  b a c k  t o  t h e  b e g i n n i n g  o f  t h e  f i l e  * /  
f s e e k (  f i n ,  s i z e o f ( m a g i c ) ,  S E E K _ S E T  ) ;
/ *  a l l o c a t e  m e m o r y  f o r  t h e m  * /  
i n p  =  m a l l o c (  s i z e o f ( * i n p )  *  s z  ) ;
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/ *  b a i l  i f  e r r o r  * /  
i f (  ! i n p  )
{
r e t u r n  1 0 ;
}
/ *  r e a d  t h e m  i n  * /  
t o t  =  0 ;
f o r t  i  =  0 ;  i  <  s z ;  i + +  )
{
/ *  r e a d  i n  i n  b i n a r y  * /
i f (  f r e a d t  & t m p ,  s i z e o f ( t m p ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  s w a p  w o r d s  i n  d o u b l e  i f  n e c e s s a r y  * /  
i f  (  s w a p m o d e  )
{
s w a p d o u b l e (  & t m p  ) ;
}
/ *  i f  t h e  v a l u e  i s  s m a l l  ( < l e - 1 5 )  s k i p  i t  * /  
i f  (  f a b s (  t m p  )  <  l e - 1 5  )
{
c o n t i n u e ;
}
/ *  n o r m a l i z e  i t  t o  s e e  i f  i t  i s  a  p o w e r  o f  2  * /  
t m p 2  =  n o r m a l i z e (  f a b s (  t m p  ) ,  N U L L  ) ;
/ *  i f  i t  i s ,  s k i p  i t  * /  
i f (  t m p 2  = =  1  )
{
c o n t i n u e ;
}
/*
*  c o m p a r e  t h i s  v a l u e  w i t h  p r e v i o u s  o n e s  t o  s e e  i f  t h e y  a r e
*  s i m i l a r  ( b e t w e e n  l e - 1 2 )
*/
f o r (  j  = 0 ;  j  <  t o t ;  j + +  )
{
i f (  f a b s (  t m p 2  -  n o r m a l i z e (  i n p f j ] ,  N U L L  )  )  <  l e - 1 2  )
{
i f (  f a b s (  t m p  )  >  f a b s (  i n p [ j ]  )  )
{
i n p  [ j ]  =  t m p ;
}
/ *  i f  s o ,  s e t  t o  s k i p  * /  
j  =  t o t  +  1 0 0 ;  
b r e a k ;
}
}
/ *  s k i p  i f  s e t  * /  
i f  ( j  >  t o t  +  1 0  )
{
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c o n t i n u e ;
}
/ *  i t  i s  a  g o o d  v a l u e ,  a d d  i t  t o  t h e  a r r a y  * /  
i n p [ t o t ]  =  t m p ;
/ *  i n c r e m e n t  a r r a y  c o u n t e r  * /  
t o t + + ;
}
/ *  c l o s e  t h e  f i l e  * /  
f c l o s e ( f i n  )  ;
}
/ *  i f  n o  v a l u e s  t o  p r o c e s s ,  b a i l  * /  
i f  (  ! t o t  )
{
r e t u r n  3 ;
}
/ *  r e a l l o c a t e  t h e  a r r a y ,  s a v e  s o m e  m e m o r y  * /
i n p  =  (  d o u b l e  *  )  r e a l l o c (  i n p ,  s i z e o f ( * i n p )  *  t o t  ) ;
i f (  ! i n p  )
{
r e t u r n  1 0 ;
}
/*
*  a l l o c a t e  t h e  m a t c h i n g  a r r a y ,  t h i s  c o n t a i n s  b o t h  t h e  m a n t i s s a  a n d
*  t h e  e x p o n e n t  
*/
m a t c h  =  m a l l o c (  s i z e o f ( * m a t c h )  *  t o t  ) ;  
i f (  I m a t c h  )
{
r e t u r n  1 0 ;
}
/ *  n o r m a l i z e  a l l  t h e  v a l u e s  * /  
f o r (  i  =  0 ;  i  <  t o t ;  i + +  )
{
m a t c h [ i ] . v  =  n o r m a l i z e (  f a b s (  i n p [ i ]  ) ,  & m a t c h [ i ] . e  ) ;  
i f (  n o w e i g h t  )
{
m a t c h  [ i ]  .  e  =  0  ;
}
}
/ *  f r e e  t h e  o r i g i n a l  i n p u t  d a t a  * /  
f r e e (  i n p  ) ;
/ *  s o r t  a l l  t h e  v a l u e s  * /
g s o r t (  m a t c h ,  t o t ,  s i z e o f ( * m a t c h ) ,  e n t r i e s c o m p a r e  ) ;  
t m p  =  0 ;
f o r (  i  =  0 ;  i  <  t o t ;  i + +  )
{
t m p  =  t m p  +  m y _ l d e x p (  m a t c h [ i ] . v ,  m a t c h [ i ] . e  ) ;
}
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f p r i n t f (  s t d e r r ,  " M a x i m u m  P o s s i b l e  E r r o r :  % l f \ n " ,  t m p  ) ;
i f (  d e b u g  >  1  )
{
/ *  d i s p l a y  t h e  v a l u e s  t o  b e  o p t i m i z e d  * /  
f p r i n t f (  s t d e r r ,  " O p t i m i z i n g  v a l u e s : \ n "  ) ;  
f o r (  i  =  0 ;  i  <  t o t ;  i + +  )
{
f p r i n t f (  s t d e r r ,  " % 1 . 1 5 l f \ t % d \ n " ,  m a t c h [ i ] . v ,  m a t c h [ i ] . e  ) ;
}
}
/ *  g i v e  s o m e  f e e d b a c k  * /  
f p r i n t f  
(
s t d e r r ,




/ *  e x i t  * /  
r e t u r n  0 ;
}
/*
t h i s  s t r u c t u r e  e x i s t s  s o  t h a t  t h e  o u t p u t s  o f  a n  o p t i m i z a t i o n  w i l l  b e  
s o r t e d  s o  t h e  f i r s t  d i g i t s  a r e  l a r g e r  t h e n  t h e  r e m a i n i n g  o n e s
*/
t y p e d e f  s t r u c t  _ s o r t e n t  
{
d o u b l e  v ;
i n t  s ,  b ,  t ;
}  s o r t e n t ;
/*
c o m p a r e  t w o  d o u b l e s  t o g e t h e r  f o r  q s o r t  a n d  b s e a r c h  ( a s c e n d i n g )
*/
s t a t i c  i n t  s o r t e n t c o m p a r e (  c o n s t  v o i d  * p l ,  c o n s t  v o i d  * p 2  )  
{
/* -------------------------------------- */
s o r t e n t  * i  =  (  s o r t e n t  *  )  p i ;
s o r t e n t  * j  =  (  s o r t e n t  *  )  p 2 ;
/* -------------------------------------- */
/ *  S o r t  b y  m a g n i t u d e  * /  
i f (  i - > v  <  j - > v  )
{
r e t u r n  1 ;
}
i f (  i - > v  >  j - > v  )
{
r e t u r n  - 1 ;
}
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/ *  S o r t  b y  s i g n  * /  
i f (  a b s (  i - > s  )  <  a b s ( j - > s  )  )
{
r e t u r n  1 ;
}
i f (  a b s (  i - > s  )  >  a b s (  j - > s  )  )
{
r e t u r n  - 1 ;
}
r e t u r n  0 ;
}
/*
t h i s  f u n c t i o n s  s o r t s  a n  a r r a y  o f  M D L N S  r e p r e s e n t a t i o n s  s o  t h a t  t h e  f i r s t  
d i g i t  h a s  t h e  l a r g e s t  m a g n i t u d e
*/
i n t  s o r t d i g i t s (  d o u b l e  b b a s e ,  i n t  * s ,  i n t  * b ,  i n t  * t  )  
{
/* ---------- */
i n t  j  ;
s o r t e n t  * p ;
/* ---------- */
/ *  l e a v e  i f  o n l y  o n e  d i g i t  i s  s e t  * /  
i f (  d i g i t s  = =  1  )
{
r e t u r n  0 ;
}
/ *  a l l o c a t e  a n  a r r a y  f o r  t h e  M D L N S  r e p r e s e n t a t i o n s  * /  
p  =  m a l l o c (  s i z e o f ( * p )  *  d i g i t s  ) ;  
i f (  ! p  )
{
r e t u r n  1 0 ;
}
/ *  p l a c e  t h e  v a l u e s  i n t o  t h e  a r r a y  a n d  c o m p u t e  t h e  m a g n i t u d e  * /  
f o r (  j  = 0 ;  j  <  d i g i t s ;  j + +  )
{
P  [ j ]  • s  =  s  [ j ]  
p [ j ]  . b  =  b  [  j ]  
p  [ j ]  - 1  =  t  [ j ]
p  [ j ]  . v  =  e x p  (  b [ j ]  *  l o g  (  2  )  +  t [ j ]  *  l o g (  b b a s e
}
/ *  s o r t  t h e m  * /
q s o r t (  p ,  d i g i t s ,  s i z e o f ( * p ) ,  s o r t e n t c o m p a r e
/ *  p u t  t h e m  b a c k  i n t o  t h e  s o u r c e  a r r a y  * /  
f o r (  j  = 0 ;  j  <  d i g i t s ;  j + +  )
s  [ j ]  =  p [ j ]  . s  
b [ j ]  =  p  [  j  3 . b  
t  [ j ]  =  p  [ j ]  . t
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}
/ *  f r e e  a n y  a l l o c a t e d  m e m o r y  * /  
f r e e (  p  )  ;
/ *  e x i t  * /  
r e t u r n  0 ;
}
/ *
t h i s  f u n c t i o n  w r i t e s  t h e  i n p u t  d a t a  b a c k  i n t o  a  f i l e s  w i t h  t h e  M D L N S  
a p p r o x i m a t i o n s  a n d  a n o t h e r  f i l e  w i t h  t h e  i n d i c e s
* /
i n t  w r i t e d a t a (  c h a r  * i f i l e ,  c h a r  * o f i l e ,  d o u b l e  b b a s e ,  d o u b l e  b e r r o r  ) 
{
/ * ---------- ------------------ * /
i n t i  ;
i n t j  ;
i n t i s t a r t ;
i n t a b o v e p 5 ;
d o u b l e t m p ;
d o u b l e t m p  2  ;
F I L E * f i n ;
F I L E * f o u t ;
F I L E * f t x t ;
i n t *  S  ;
i n t * b  ;
i n t * t  ;
c h a r *  f n a m e ;
u n s i g n e d l o n g  m a g i c ;
/ *  * /
/ *
*  i f  ( g e n e r a t e d )  r e t u r n  0 ;  £
*  g e n e r a t e  t h e  s e q u e n c e  t a b l e s  f o r  t h e  g i v e n  b a s e
* /
c h e c k d i v (  b b a s e ,  b e r r o r ,  N U L L ,  N U L L  ) ;  / *  c h e c k  * /
/ *  g e n e r a t e  t h e  s e q u e n c e  t a b l e s  ( w i t h  i n d i c e s )  * /  
g e n t a b l e (  b b a s e  ) ;
/ *  f r e e  t h e  m a t c h i n g  v a l u e s  * /  
f r e e (  m a t c h  ) ;
/ *  a l l o c a t e  m e m o r y  f o r  t h e  n a m e  o u t  i n d e x  o u t p u t  f i l e  * /
f n a m e  =  m a l l o c (  s t r l e n (  o f i l e  )  +  6  ) ;
s t r c p y (  f n a m e ,  o f i l e  ) ;  
s t r c a t (  f n a m e ,  " . t x t "  ) ;
/ *  a l l o c a t e  m e m o r y  f o r  t h e  i n d i c e s  * /
s  =  m a l l o c t  s i z e o f ( * s )  *  d i g i t s  ) ;
b  =  m a l l o c t  s i z e o f ( * b )  *  d i g i t s  ) ;
t  =  m a l l o c ( s i z e o f ( * t )  *  d i g i t s  ) ;
i f  (  ! g e n e r a t e d  )
{
/ *  o p e n  t h e  i n p u t  f i l e  * /
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f i n  =  f o p e n (  i f i l e ,  " r b "  ) ;  
i f (  ! f i n  )
{
r e t u r n  3 ;
}
/ *  r e a d  m a g i c  n u m b e r  * /
i f (  f r e a d (  & m a g i c ,  s i z e o f ( m a g i c ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  c h e c k  e n d i a n  m o d e  * /  
i f (  m a g i c  = =  m a g i c i n  )
{
s w a p m o d e  =  0 ;
}
e l s e
{
s w a p i n t ( & m a g i c  ) ;  
i f (  m a g i c  = =  m a g i c i n  )
{
s w a p m o d e  =  1 ;
}
/ *  i f  n o  e n d i a n  o f  m a g i c  n u m b e r  m a t c h e s  b a i l  * /  
e l s e  
{
r e t u r n  3 ;
}
}
i s t a r t  =  0 ;
}
e l s e
{
s z  =  a b s (  a t o i  (  i f i l e  )  ) ;
i f  (  s z  = =  0  | |  e r r n o  = =  E I N V A L  )
{
r e t u r n  3 ;
}
i s t a r t  =  - s z ;  
a b o v e p 5  =  0 ;
}
/ *  o p e n  t h e  b i n a r y  o u t p u t  f i l e  * /  
f o u t  =  f o p e n (  o f i l e ,  " w b "  ) ;  
i f (  ! f o u t  )
{
r e t u r n  3 ;
}
/ *  w r i t e  m a g i c  n u m b e r  * /  
m a g i c  =  m a g i c o u t ;  
i f (  s w a p m o d e  )
{
s w a p i n t (  & m a g i c  ) ;
}
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i f (  f w r i t e (  & m a g i c ,  s i z e o f ( m a g i c ) ,  1 ,  f o u t  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  o p e n  t h e  t e x t  o u t p u t  f i l e  * /  
f t x t  =  f o p e n (  f n a m e ,  " w t "  ) ;  
i f  ( ! f t x t  )
{
r e t u r n  3 ;
}
/ *  p r o c e s s  e a c h  i n p u t  * /  
f o r (  i  =  i s t a r t ;  i  <  s z ;  i + +  )
{
i f  (  [ g e n e r a t e d  )
{
/ *  r e a d  i n  t h e  i n p u t  * /
i f (  f r e a d (  & t m p ,  s i z e o f ( t m p ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  s w a p  w o r d s  i n  d o u b l e  i f  n e c e s s a r y  * /  
i f ( s w a p m o d e  )
{
s w a p d o u b l e ( & t m p  ) ;
}
}
e l s e
{
t m p  =  i ;
}
/ *  i f  i t  i s  n e a r  z e r o  . . .  * /  
i f  (  f a b s (  t m p  )  <  l e - 1 5  )
{
/ *  s e t  t h e  o u t p u t  t o  z e r o ,  a n d  t h e  i n d i c e s  * /  
t m p 2  =  0 ;
f o r (  j  = 0 ;  j  <  d i g i t s ;  j + +  )
{
s [ j ]  =  0 ;  
b  [ j  ]  =  0 ;  
t [j  ] = 0;
}
}
e l s e
{
/ *  g e n e r a t e  t h e  i n d i c e s  * /
t m p 2  =  g e n a p p r o x i n d e x ( t m p ,  s ,  b ,  t  ) ;
/ *  s o r t  t h e  d i g i t s  * /
i f (  j  =  s o r t d i g i t s (  b b a s e ,  s ,  b ,  t  )  )
{
r e t u r n  j ;
}
}
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i f  (  g e n e r a t e d  )
{
i f (  i  >  0  & &  f a b s (  t m p  -  t m p 2  )  > =  0 . 5  )
{
a b o v e p 5 + + ;
■}
t m p  =  t m p 2 ;
}
/ *  i f  w e  a r e  i n  n o n - z e r o  b i t  m o d e  . . .  * /  
i f (  o n e b i t  )
{
/ *  c y c l e  t h r o u g h  e a c h  d i g i t  * /  
f o r (  j  = 0 ;  j  <  d i g i t s ;  j + +  )
{
/*
*  i f  i t  i s  z e r o ,  s e t  t h e  f i r s t  b a s e  t o  z e r o ,  t h e  s e c o n d  t o  t h e
*  m o s t  n e g a t i v e  r e p r e s e n t a t i o n  
*/
i f  (  s [ j ]  = =  0  )
{
b [ j ]  =  0 ;  
t  [ j  ]  =  - l i m ;
}
/ *  i f  i t  i s  o n e ,  s e t  t h e  s i g n  b i t  t o  z e r o  * /  
e l s e
i f  (  s [ j ]  = =  1  )
{
S  [ j  ]  =  0  ;
}
/ *  i f  i t  i s  n e g a t i v e  o n e ,  s e t  t h e  s i g n  b i t  t o  o n e  * /  
e l s e  
{
s  [  j  ]  =  1  ;
}
/*
*  R O B  t e m p o r a r y  £
*  t m p 3 = d o u b l e b r u t e _ g e n a p p r o x ( t m p ) ;  £
*  i f  ( t m p 2 ! = 0  & &  t m p 2 ! = t m p 3 )  p r i n t f ( " *
*  % 1 . 1 5 1 g \ t % l . 1 5 1 g \ t % l . 1 5 1 g \ n " , t m p , t m p 3 , t m p 2 ) ;  £
*  p r i n t f  (  " % 1 5 . 1 5 1 f \ t % 1 5 . 1 5 l f \ n " , t m p , t m p 2 )  ;  £
*  s w a p  w o r d s  i n  d o u b l e  i f  n e c e s s a r y  
*/
i f ( s w a p m o d e  )
{
s w a p d o u b l e (  & t m p 2  ) ;
}
/ *  w r i t e  t h e  b i n a r y  a p p r o x i m a t i o n  * /  
i f (  f w r i t e { & t m p 2 ,  s i z e o f ( t m p 2 ) ,  1 ,  f o u t  )  ! =  1  )
{
r e t u r n  3 ;
}
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/*
*  i f  t h e  l i s t  i s  g e n e r a t e d ,  o u t p u t  t h e  i n t e g e r  v a l u e  a t  t h e
*  b e g i n n i n g  
*/
i f  (  g e n e r a t e d  )
{
f p r i n t f (  f t x t ,  " % d \ t " ,  i  ) ;
}
/ *  w r i t e  o u t  t h e  i n d i c e s  * /  
f o r (  j  = 0 ;  j  <  d i g i t s ;  j + +  )
{
f p r i n t f (  f t x t ,  " % d \ t % d \ t % d " ,  s [ j ] ,  b [ j ] ,  t  [  j ]  ) ;
/ *  p r i n t  t a b s  w h e n  i t  i s n ' t  t h e  l a s t  o n e  * /  
i f  (  j  <  d i g i t s  -  1  )
{




*  i f  t h e  l i s t  i s  g e n e r a t e s ,  o u t p u t  t h e  a p p r o x i m a t i o n  a n d  t h e  e r r o r
*  i f  i n  d e b u g  m o d e  
*/
i f (  g e n e r a t e d  & &  d e b u g  )
{
f p r i n t f (  f t x t ,  " \ t % l f \ t % l f " ,  t m p ,  (  d o u b l e  )  i  -  t m p  ) ;
}
/ *  n e w  l i n e  f o r  t h e  l a s t  i n d e x  * /  
f p r i n t f (  f t x t ,  " \ n "  ) ;
}
/ *  w r i t e  t h e  b a s e  i n  t h e  b i n a r y  f i l e  * /  
t m p 2  =  b b a s e ;  
i f (  s w a p m o d e  )
{
s w a p d o u b l e (  & t m p 2  ) ;
}
i f (  f w r i t e (  & t m p 2 ,  s i z e o f ( t m p 2 ) ,  1 ,  f o u t  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  w r i t e  t h e  e r r o r  t o o  * /  
t m p 2  =  b e r r o r ;  
i f ( s w a p m o d e  )
{
s w a p d o u b l e (  & t m p 2  ) ;
}
i f (  f w r i t e (  & t m p 2 ,  s i z e o f ( t m p 2 ) ,  1 ,  f o u t  )  ! =  1  )
{
r e t u r n  3 ;
}
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/ *  f r e e  a l l  m e m o r y  s e g m e n t s  * /  
f r e e (  t  )
f r e e (  b  )  
f r e e (  s  )  
f r e e (  f n a m e  ) ;
f r e e (  a r i  ) ;
/ *  c l o s e  a l l  f i l e s  * /  
f c l o s e  (  f t x t  ) ;  
f c l o s e ( f o u t  ) ;  
i f  (  ! g e n e r a t e d  )
{
f c l o s e (  f i n  ) ;
}
i f (  g e n e r a t e d  & &  a b o v e p 5  )
{
p r i n t f (  " % d  e l e m e n t s  d e v i a t e  b y  m o r e  t h a n  0 . 5 . \ n " ,  a b o v e p 5  ) ;
}
/ *  e x i t  * /  
r e t u r n  0 ;
}
/*
g e n t a b l e  o p e r a t e s  l i k e  t h e  s e q u e n c e  g e n e r a t e  i n  c h e c k d i v ,  b u t  a l s o  
g e n e r a t e s  t h e  i n d e x  i n f o r m a t i o n
*/
v o i d  g e n t a b l e (  d o u b l e  z  )  
{
/ * ------------------- _ * /
i n t i  ;
i n t j  ;
i n t k ;
d o u b l e f  ;
/ * ------------------- ~ *  /
/ *  a l l o c a t e  s o m e  m e m o r y  * /
a r i  =  m a l l o c t  s i z e o f ( * a r i )  *  ( l i m m a x p )
/ *  s e t  t h e  " 1 "  e l e m e n t  * /  
i  =  0 ;
a r i  [ i ]  . v  =  1 . 0 ;  
a r i  [ i ]  . e  =  0 ;  
a r i  [ i ]  . i  =  0 ;
i f ( o n e b i t  )
{
/ *  f o r  n o n - z e r o  b i t  m o d e  * /  
f  =  z  ;
f o r (  j  =  1 ;  j  <  l i m ;  j + +  )
{
i + +  ;
a r i  [ i ]  . v  =  n o r m a l i z e (  1  /  f ,  & k  ) ;  
a r i  [ i ]  . e  =  - k ;  
a r i  [ i ]  . i  =  - j ;
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/ *  a r i [ i ] . v = f l o o r ( a r i [ i ] . v * 1 3 1 0 7 2 ) / 1 3 1 0 7 2 ;  * /  
i + +  ;
a r i [ i ] . v  =  n o r m a l i z e ( f ,  & k  ) ;  
a r i [ i ] . e  =  - k ;  
a r i  [ i ]  . i  =  j ;
/ *  a r i  [ i ]  . v = f l o o r ( a r i [ i ]  . v * 1 3 1 0 7 2 ) / 1 3 1 0 7 2 ;  * /  
f  =  f  *  z ;
}
i +  +  ;
a r i  [ i ]  . v  =  2 . 0 ;  
a r i  [ i ]  .  e  =  1 ;  
a r i  [ i ]  . i  =  0 ;
}
e l s e
{
/ *  f o r  z e r o  b i t  m o d e  * /  
f  =  z ;
f o r (  j  =  1 ;  j  < =  l i m ;  j + +  )
{
i  +  +  ;
a r i [ i ] . v  =  n o r m a l i z e (  1  /  f ,  & k  ) ;  
a r i [ i ]  .  e  =  - k ;  
a r i  [ i ]  . i  =  - j ;
/ *  a r i [ i ] . v = f l o o r ( a r i [ i ] . v * 1 3 1 0 7 2 ) / 1 3 1 0 7 2 ;  * /  
i + + ;
a r i [ i ] . v  =  n o r m a l i z e (  f ,  & k  ) ;  
a r i [ i ] . e  =  - k ;  
a r i  [ i ]  . i  =  j ;
/ *  a r i  [ i ]  . v = f l o o r ( a r i [ i ]  . v * 1 3 1 0 7 2 ) / 1 3 1 0 7 2 ;  * /
f  =  f  *  Z  ;
}
a r i  [ i ]  . v  =  2 . 0 ;  
a r i  [ i ]  . e  =  1 ;  
a r i  [ i ]  . i  =  0 ;
}
/ *  s o r t  t h e  e n t r i e s  * /
q s o r t (  a r i ,  l i m m a x p ,  s i z e o f ( * a r i ) ,  e n t r i e s c o m p a r e  ) ;
/ *  e x i t  * /  
r e t u r n ;
}
r e a d o u t p u t d a t a  r e a d s  a n  o u t p u t  f i l e  g e n e r a t e  b y  t h i s  s o f t w a r e  t o  f i n d  
t h e  o p t i m a l  b a s e
*/
i n t  r e a d o u t p u t d a t a (  c h a r  ‘ f i l e n a m e ,  d o u b l e  ‘ t h e b a s e  )  
{
/*  */
i n t  i  ;
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d o u b l e  t m p ;
F I L E  * f i n ;
u n s i g n e d  l o n g  m a g i c ;
/*  */
/ *  o p e n  t h e  f i l e  * /
f i n  =  f o p e n (  f i l e n a m e ,  " r b "  ) ;
/ *  b a i l  i f  e r r o r  * /  
i f (  ! f i n  )
{
r e t u r n  3 ;
}
/ *  r e a d  m a g i c  n u m b e r  * /
i f (  f r e a d f  & m a g i c ,  s i z e o f ( m a g i c ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  c h e c k  e n d i a n  m o d e  * /  
i f (  m a g i c  = =  m a g i c o u t  )
{
s w a p m o d e  =  0 ;
}
e l s e
{
s w a p i n t (  k m a g i c  ) ;  
i f (  m a g i c  = =  m a g i c o u t  )
{
s w a p m o d e  =  1 ;
}
/ *  i f  n o  e n d i a n  o f  m a g i c  n u m b e r  m a t c h e s  b a i l  * /  
e l s e  
{
r e t u r n  3 ;
}
}
/ *  g o  t o  t h e  e n d  * /  
f s e e k (  f i n ,  0 ,  S E E K _ E N D  ) ;
i  =  f t e l l (  f i n  )  -  s i z e o f ( m a g i c  ) ;
/ *  m a k e  s u r e  t h e  f i l e  i s  v a l i d  * /  
i f  (  i  %  s i z e o f ( t m p )  ! =  0  )
{
r e t u r n  2 ;
}
/ *  g o  t o  t h e  b a s e  s e c t i o n  * /  
i  =  i  -  s i z e o f (  t m p  )  *  2  +  s i z e o f (  m a g i c  ) ;  
f s e e k (  f i n ,  i ,  S E E K _ S E T  ) ;
/ *  r e a d  i n  a  v a l u e  * /
i f  (  f r e a d (  & t m p ,  s i z e o f ( t m p )  ,  1 ,  f i n  )  ! =  1  )
{
f c l o s e  (  f i n  )  ,-
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r e t u r n  3 ;
}
/ *  s w a p  w o r d s  i n  d o u b l e  i f  n e c e s s a r y  * /  
i f (  s w a p m o d e  )
{
s w a p d o u b l e (  & t m p  ) ;
}
/ *  s e t  t h e  b a s e  * /
* t h e b a s e  =  t m p ;
/ *  c l o s e  t h e  f i l e  * /  
f c l o s e  (  f i n  ) ;
/ *  e x i t  * /  
r e t u r n  0 ;
}
A.I.4.7 list.c
/ *  l i s t . c  * /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >  
t t i n c l u d e  < m a t h . h >
# i n c l u d e  " t i m e v a l . h "
s t r u c t  t i m e v a l  n e w ,  o l d ;
# i n c l u d e  " s t r u c t s . h "  
t t i n c l u d e  " g l o b a l . h "
t t d e f i n e  l i s t i n c  1 0 0 0 0  
t t d e f i n e  u p d a t e  1 0 0
l i s t  * i t e m s ;
i n t  n i t e m s ,  m i t e m s ,  i i t e m s ,  a i t e m s ;
d o u b l e  m a x i t e m ,  m i n i t e m ,  f a c t o r i t e m ,  m i n p r o d  =  0 ;
/*
C o m p a r e  t w o  l i s t  s t u r c t u r e s  b a s e d  o n  m e m b e r  " v "
*/
i n t  l i s t c o m p a r e v (  c o n s t  v o i d  * p l ,  c o n s t  v o i d  * p 2  )  
{
l i s t  * i  =  (  l i s t  *  )  p i ;  
l i s t  * j  =  (  l i s t  *  )  p 2 ;
/*  */
i f (  i - > v  >  j - > v  )
{
r e t u r n  1 ;
}
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i f  (  i -  > v  <  j  -  > v  ) 
{
r e t u r n  - 1 ;
}
r e t u r n  0 ;
}
/ *
C o m p a r e  t w o  l i s t  s t u r c t u r e s  b a s e d  o n  m e m b e r  " i "
* /
i n t  l i s t c o m p a r e i (  c o n s t  v o i d  * p l ,  c o n s t  v o i d  * p 2  )  
{
/ * ---------------------------------------------- * /
l i s t  * i  =  (  l i s t  *  )  p i ;
l i s t  * j  =  (  l i s t  *  )  p 2 ;
/ * ---------------------------------------------- * /
i f  (  i - > i  >  j - > i  )
{
r e t u r n  1 ;
}
i f (  i - > i  <  j - > i  )
{
r e t u r n  - 1 ;
}
r e t u r n  0 ;
}
/*
I n i t i a l i z e  t h e  l i s t  o f  p o s s i b l e  s o l u t i o n s
*/
v o i d  i n i t l i s t (  i n t  i n c ,  d o u b l e  f a c t o r  )
{
n i t e m s  =  0 ;  
i i t e m s  =  0 ;  
a i t e m s  =  i n c ;  
f a c t o r i t e m  =  f a c t o r ;  
m i t e m s  =  a i t e m s ;
i t e m s  =  m a l l o c (  s i z e o f ( * i t e m s )  *  m i t e m s  ) ;  
i f  (  ! i t e m s  )
{
e x i t (  1 0  ) ;
}
m i n i t e m  =  l e l 4 ;  
m a x i t e m  =  l e l 4 ;
g e t t i m e o f d a y ( & o l d ,  N U L L  ) ;
}
/*
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A d d  t o  t h e  l i s t  o f  s o l u t i o n s
*/
v o i d  a d d l i s t l  d o u b l e  v a l ,  d o u b l e  i n d e x  )
{
/ *  J
s t a t i c  i n t  i d e a  =  0 ;
/* -------------------------*/
i f (  ! ( i d e a + +  >  1 2 8 )  )
{
g e t t i m e o f d a y (  k n e w ,  N U L L  ) ;
i f (  a b s (  n e w . t v _ s e c  -  o l d . t v _ s e c  )  >  0 5  )
{
f p r i n t f
(
s t d e r r ,
" \ n C V :  % 1 . 1 5 1 f  B E :  % 1 . 2 0 1 f  B V :  % 1 . 2 0 1 f \ n " ,
i n d e x ,
m i n i t e m ,
m i n p r o d
) ;
f f l u s h (  s t d e r r  ) ;  
g e t t i m e o f d a y ( & o l d ,  N U L L  ) ;
}
i d e a  =  0 ;
}
i f (  v a l  <  m i n i t e m  )
{
m i n i t e m  =  v a l ;
m a x i t e m  =  v a l  *  f a c t o r i t e m ;
m i n p r o d  =  i n d e x ;
}
i f (  v a l  < =  m a x i t e m  )
{
w h i l e (  i i t e m s  <  n i t e m s  & &  i t e m s [ i i t e m s ] . v  < =  m a x i t e m  ) 
{
i i t e m s + + ;
}
i t e m s [ i i t e m s ] . i  =  i n d e x ;  
i t e m s [ i i t e m s ] . v  =  v a l ;  
i i t e m s + + ;
i f  (  i i t e m s  >  n i t e m s  )
{
n i t e m s  =  i i t e m s ;
}
i f (  n i t e m s  > =  m i t e m s  )
{
f p r i n t f
(
s t d e r r ,
" \ n % 1 . 1 5 1 f ,  % d ,  % 1 . 2 0 1 f \ n " ,  
i n d e x ,
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m i t e m s ,
m i n i t e m
) ;
f f l u s h (  s t d e r r  ) ;  
m i t e m s  + =  l i s t i n c ;  
i i t e m s  =  0 ;
i t e m s  =  r e a l l o c (  i t e m s ,  s i z e o f ( * i t e m s )  *  m i t e m s  ) ;  
i f (  ! i t e m s  )
{




r e t u r n ;
}
/*
E n d  t h e  l i s t
* /
v o i d  e n d l i s t (  d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r  )
{
/* ---------------------- */
i n t  i ;
i n t  j  ;
d o u b l e  b e s t b a s e ;  
d o u b l e  b e s t e r r o r ;  
d o u b l e  l a s t  =  1 0 0 0 ;
/* ---------------------- */
t r a p i n t e r r u p t ( ) ;
m i t e m s  =  n i t e m s ;
i t e m s  =  r e a l l o c (  i t e m s ,  s i z e o f ( * i t e m s )  *  m i t e m s  ) ;  
i f (  ! i t e m s  )
{
e x i t (  1 0  ) ;
}
p r i n t f (  " % d  i t e m s  g e n e r a t e d . \ n " ,  n i t e m s  ) ;
/*
*  p r i n t f (  " S o r t i n g . . . \ n "  ) ;  q s o r t (  i t e m s ,  n i t e m s ,  s i z e o f (  * i t e m s  ) ,
*  l i s t c o m p a r e i  ) ;  p r i n t f (  " O p t i m i z i n g  F i n e  T u n i n g  P a r a m e t e r s . . . \ n "  ) ;
*  j  =  0 ;  i t e m s [  0  ] . e  =  0 . 0 1 ;  f o r (  i  =  1  ;  i  <  n i t e m s  ;  i + +  )  {  i f (
*  i t e m s [ i ] . v  >  m a x i t e m  )  c o n t i n u e ;  i t e m s [  i  ] . e  =  p o w ( 1 0 ,  c e i l (
*  l o g l O (  f a b s (  i t e m s [  i  ] . i  -  i t e m s [  j  ] . i  > )  )  ) ;  j  =  i ;  }
*/
p r i n t f (  " S o r t i n g . . . \ n "  ) ;
q s o r t (  i t e m s ,  n i t e m s ,  s i z e o f ( * i t e m s ) ,  l i s t c o m p a r e v  ) ;
p r i n t f  (  " F i n e  T u n i n g . . . "  ) ;  
f f l u s h (  s t d o u t  ) ;
b e s t e r r o r  =  l e l 4 ;  
b e s t b a s e  =  1 0 0 0 ;
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j  =  0 ;
f o r (  i  =  0 ;  i  <  n i t e m s ;  i + +  )
{
/ *  p r i n t f ( " % d \ t % 1 . 1 5 l f \ t % 1 5 . 1 5 I f \ n " , i , i t e m s [ i ] . i , i t e m s [ i ] . v ) ;  * /  
i f (  i t e m s [ i ] . v  < =  m a x i t e m  )
{
i f  (  f a b s (  l a s t  -  i t e m s [ i ] . i  )  /  l a s t  <  0 . 0 0 1  )
{
c o n t i n u e ;
}
i f f  f a b s ( b e s t b a s e  -  i t e m s [ i ] . i  )  /  b e s t b a s e  <  0 . 0 0 1  )
{
c o n t i n u e ;
}
/*
*  p r i n t f ( " % d \ t % l . 1 5 1 f  % 1 . 1 5 1 f
*  % 1 . 1 5 I f \ n " , i , i t e m s [ i ] . i , i t e m s [ i ] .  v , i t e m s [ i ] . e ) ;
*/
f i n e t u n e f  i t e m s [ i ] . i ,  & b e s t b a s e ,  k b e s t e r r o r ,  0 . 0 1  / *  i t e m s [ i ] . e  * /  ) ;  
l a s t  =  i t e m s  [ i ]  . i  ;
j + + ;
i f  (  j  %  1 0 0  = =  0  )
{
f p r i n t f (  s t d o u t ,  ) ;
f f l u s h f  s t d o u t  ) ;
}
i f  (  s t o p p r o c e s s i n g  )
{
f p r i n t f (  s t d e r r ,  " \ n S t o p p i n g ! \ n "  ) ;  




p r i n t f  (  " \ n % d  i t e m s  p r o c e s s e d . \ n " ,  j  ) ;
f r e e ( i t e m s  ) ;
p r i n t f (  ” \ n "  ) ;  
f p r i n t f  
(
s t d e r r ,
" B e s t  s o l u t i o n :  % 1 . 1 5 1 f ,  w i t h  e r r o r  % 1 . 1 5 1 f \ n " ,
b e s t b a s e ,
b e s t e r r o r
) ;
* o p t b a s e  =  b e s t b a s e ;
‘ o p t e r r o r  =  b e s t e r r o r ;
r e t u r n ;
}
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A.l.4.8 methods.h
/ *  m e t h o d s . h  * /
e x t e r n i n t n u m m e t h o d s ;
e x t e r n m e t h o d s e n t m e t h o d s  [ ]  ;
e x t e r n i n t n r o o t  i n i t (  c h a r  * a r g v [ ]  ) ;
e x t e r n v o i d n r o o t  m e t h o d (  d o u b l e  * o p t b a s e , d o u b l e * o p t e r r o r
e x t e r n i n t b r u t e  i n i t (  c h a r  * a r g v [ ]  ) ;
e x t e r n v o i d b r u t e _ m e t h o d (  d o u b l e  * o p t b a s e , d o u b l e * o p t e r r o r
e x t e r n i n t s i n g l e _ i n i t (  c h a r  * a r g v [ ]  ) ;
e x t e r n i n t s i n g l e  m a t c h e r r o r (  d o u b l e  b e s t e r r ,  d o u b l e  * d  ) ;
e x t e r n d o u b l e s i n g l e _ g e n a p p r o x i n d e x









e x t e r n  i n t  
e x t e r n  i n t  
e x t e r n  d o u b l e
m u l t i q u i c k _ i n i t (  c h a r  * a r g v [ ]  ) ;
m u l t i q u i c k _ m a t c h e r r o r ( d o u b l e  b e s t e r r ,  d o u b l e  * d  
m u l t  i  q u  i  c k _ g e n a p p r o x  i n d e x  
(








e x t e r n  i n t  
e x t e r n  i n t  
e x t e r n  d o u b l e
m u l t i n e a r _ i n i t (  c h a r  * a r g v [ ]  ) ;
m u l t i n e a r _ m a t c h e r r o r (  d o u b l e  b e s t e r r ,  d o u b l e  * d  ) 
m u l t i n e a r _ g e n a p p r o x i n d e x  
(








e x t e r n  i n t  
e x t e r n  i n t  
e x t e r n  d o u b l e
m u l t i b r u t e _ i n i t (  c h a r  * a r g v [ ]  ) ;
m u l t i b r u t e _ m a t c h e r r o r (  d o u b l e  b e s t e r r ,  d o u b l e  * d  
m u l t i b r u t e _ g e n a p p r o x i n d e x
d o u b l e  t m p ,  
i n t  * s ,
i n t  * b ,
i n t  * t
) ;
e x t e r n  x n t  
e x t e r n  i n t  
e x t e r n  d o u b l e
m u l t i m i x e d _ i n i t (  c h a r  * a r g v [ ]  ) ;
m u l t i m i x e d _ m a t c h e r r o r (  d o u b l e  b e s t e r r ,  d o u b l e  * d  
m u l t  i m i x e d _ g e n a p p r o x i n d e x  
(
d o u b l e
i n t
i n t
t m p ,
* s ,
* b ,
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i n t  * t
) ;
/*
*  e x t e r n  i n t  d o u b l e q u i c k _ i n i t ( c h a r  * a r g v [ ] ) ;  e x t e r n  i n t
*  d o u b l e q u i c k _ c h e c k d i v m o d ( d o u b l e  b e s t e r r ,  d o u b l e  * d ) ;  e x t e r n  d o u b l e
*  d o u b l e q u i c k _ g e n a p p r o x ( d o u b l e  t m p ) ;  e x t e r n  d o u b l e
*  d o u b l e q u i c k _ g e n a p p r o x i n d e x ( d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t ) ;
*  e x t e r n  i n t  d o u b l e n e a r _ i n i t ( c h a r  * a r g v [ ] ) ;  e x t e r n  i n t
*  d o u b l e n e a r _ c h e c k d i v m o d ( d o u b l e  b e s t e r r ,  d o u b l e  * d ) ;  e x t e r n  d o u b l e
*  d o u b l e n e a r _ g e n a p p r o x ( d o u b l e  t m p ) ;  e x t e r n  d o u b l e
*  d o u b l e n e a r _ g e n a p p r o x i n d e x ( d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t ) ;  e x t e r n
*  i n t  d o u b l e b r u t e _ i n i t ( c h a r  * a r g v [ ] ) ;  e x t e r n  i n t
*  d o u b l e b r u t e _ c h e c k d i v m o d ( d o u b l e  b e s t e r r ,  d o u b l e  * d ) ;  e x t e r n  d o u b l e
*  d o u b l e b r u t e _ g e n a p p r o x ( d o u b l e  t m p ) ;  e x t e r n  d o u b l e
*  d o u b l e b r u t e _ g e n a p p r o x i n d e x ( d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t ) ;
*  e x t e r n  i n t  d o u b l e m i x e d _ i n i t ( c h a r  * a r g v [ ] ) ;  e x t e r n  i n t
*  d o u b l e m i x e d _ c h e c k d i v m o d ( d o u b l e  b e s t e r r ,  d o u b l e  * d ) ;  e x t e r n  d o u b l e
*  d o u b l e m i x e d _ g e n a p p r o x ( d o u b l e  t m p ) ;  e x t e r n  d o u b l e
*  d o u b l e m i x e d _ g e n a p p r o x i n d e x ( d o u b l e  t m p ,  i n t  * s ,  i n t  * b ,  i n t  * t )  ;
*/
A.l.4.9 methods.c
/ *  m e t h o d s . c  * /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  " s t r u c t s . h "
# i n c l u d e  " m e t h o d s . h "
t t d e f i n e  m e t h b r u t e  &  b r u t e _ i n i t ,  & b r u t e _ m e t h o d ,  6 ,  \
" [ m a x  n o m  m i n  a b s ]  [ s t a r t  s t o p ] " ,  " 0 . 1 " ,  " 0 . 0 1 " ,  " 0 . 0 0 1 " ,  " 0 . 0 0 1 " ,  " 0 " ,  \
" 2 " ,  " "
i n t  n u m m e t h o d s  =  5 ;
m e t h o d s e n t  m e t h o d s [ ]  =
{
{  " - s a ” ,  " S i n g l e  A l g o r i t h m " ,  1 ,  0 ,  " " ,  &
s i n g l e _ i n i t ,  & s i n g l e _ m a t c h e r r o r ,  & s i n g l e _ g e n a p p r o x i n d e x ,  &  
n r o o t _ i n i t ,  & n r o o t _ m e t h o d ,  0 ,  " " ,  " " ,  " "  } ,
{  " - s b " ,  " S i n g l e  B r u t e " ,  1 ,  0 ,  & s i n g l e _ i n i t ,  &
s i n g l e _ m a t c h e r r o r ,  & s i n g l e _ g e n a p p r o x i n d e x ,  m e t h b r u t e  } ,
{  " - m q " ,  " M u l t i  Q u i c k " ,  - 1 ,  1 ,  " [ d i g i t s ] " ,  " 2 " ,  " " ,  &
m u l t i q u i c k _ i n i t ,  & m u l t i q u i c k _ m a t c h e r r o r ,  & m u l t i q u i c k _ g e n a p p r o x i n d e x ,  
m e t h b r u t e  } ,
{  " - m n " ,  " M u l t i  N e a r " ,  - 1 ,  1 ,  " [ d i g i t s ] " ,  " 2 " ,  &
m u l t i n e a r _ i n i t ,  & m u l t i n e a r _ m a t c h e r r o r ,  & m u l t i n e a r _ g e n a p p r o x i n d e x ,  
m e t h b r u t e  } ,
{  " - m b " ,  " M u l t i  B r u t e " ,  - 1 ,  2 ,  " [ d i g i t s ]  [ l e v e l ] " ,  " 2 " ,  " 5 " ,  " " ,  
& m u l t i b r u t e _ i n i t ,  & m u l t i b r u t e _ m a t c h e r r o r ,  &  
m u l t i b r u t e _ g e n a p p r o x i n d e x ,  m e t h b r u t e  }
};
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A.l.4.10 meth-nroot.c
/ *  m e t h - n r o o t . c  * /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  " s t r u c t s . h "
# i n c l u d e  " g l o b a l . h "
/*
n r o o t  i n i t  m e t h o d  
*/
i n t  n r o o t _ i n i t (  c h a r  * a r g v [ ]  )
{
r e t u r n  0 ;
}
/*
n r o o t  m e t h o d  t o  f i n a l  a l l  t h e  b a s e s  
*/
v o i d  n r o o t _ m e t h o d f i n d a l l (  d o u b l e  z  )
{
/ * ------------------- ~ ~ * /
i n t i  ;
i n t j  ;
d o u b l e a  ;
d o u b l e b ;
d o u b l e p ;
d o u b l e e r ;
/ * -------------------
—  * /
f o r (  i  =  - l i m  +  o n e b i t ;  i  <  l i m ;  i + +  )
{
i f  (  i  = =  0  )
{
c o n t i n u e ;
}
P  =  1 - 0  /  i ;  
b  =  z  ;
f o r (  j  =  - a b s  (  i  )  +  1 ;  j  <  a b s (  i  ) ;  j + +  ) 
{
a  =  p o w (  m y _ l d e x p (  z ,  j  ) ,  p  ) ;
c h e c k d i v (  a ,  l e l 4 ,  & e r ,  N U L L  ) ;  
a d d l i s t (  e r ,  a  ) ;
}
f p r i n t f (  s t d e r r ,  ) ;
f f l u s h (  s t d e r r  ) ;
}
/*
Software Optimal Base Tools
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
205
University o f  Windsor
*  f o r  ( i = l ; i < = l i m ; i + + )  {  p = 1 . 0 / i ;  b = z ;  f o r ( j = 0 ; j < i ; j + + )  {  a = p o w ( b , p ) ;
*  b = b * 2 ;  c = 2 . 0 / a ;  c h e c k d i v ( c , l e l 4 , & e r , N U L L ) ;  a d d l i s t ( e r , c ) ;  i f
*  ( i = = l i m )  c o n t i n u e ;  c h e c k d i v ( a , l e l 4 , & e r , N U L L ) ;  a d d l i s t ( e r , a ) ;  }
*  f p r i n t f ( s t d e r r ;  f f l u s h ( s t d e r r ) ;  }
*/
r e t u r n ;
}
/*
n r o o t  m e t h o d
*/
v o i d  n r o o t _ m e t h o d (  d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r  )
{
/*--* / 
i n t  i  ;
/* — */
i n i t l i s t (  1 0 0 0 0 0 ,  2  ) ;
f o r (  i  =  t o t  -  1 ;  i  > =  0 ;  i - -  )
{
f p r i n t f (  s t d e r r ,  " E v a l u a t i n g  % 1 . 1 5 1 f " ,  m a t c h [ i ] . v  ) ;  
f f l u s h (  s t d e r r  ) ;
n r o o t _ m e t h o d f i n d a l l (  m a t c h [ i ] . v  ) ;  
f p r i n t f (  s t d e r r ,  " \ n "  ) ;  
f f l u s h (  s t d e r r  ) ;
/*
*  f p r i n t f ( s t d e r r , " ,  b e s t = % l . 1 5 1 f ,  e r r o r = % l e \ n " , b e s t i , b e s t ) ;  £
*  f f l u s h ( s t d e r r ) ;
*/
}
e n d l i s t (  o p t b a s e ,  o p t e r r o r  ) ;  
r e t u r n ;
}
A.l.4.11 meth-brute.c
/ *  m e t h - b r u t e . c  * /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  " s t r u c t s . h "
# i n c l u d e  " g l o b a l . h "
# d e f i n e  p e r m a x  0 . 1  
t t d e f i n e  p e r n o m  0 . 0 1  
t t d e f i n e  p e r m i n  0 . 0 0 1  
t t d e f i n e  a b s m a x  0 . 0 0 1
d o u b l e  b r u t e _ p e r m a x ,  b r u t e _ p e r n o m ,  b r u t e _ j ; e r m i n ,  b r u t e _ a b s m a x ;  
d o u b l e  b r u t e _ s t a r t ,  b r u t e _ s t o p ;
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/*
b r u t e _ i n i t  m e t h o d  
*/
i n t  b r u t e _ i n i t (  c h a r  * a r g v [ ]  )
{
b r u t e _ p e r m a x  =  f a b s (  a t o f (  a r g v [ 0 ]  )  )
b r u t e _ p e r n o m  =  f a b s (  a t o f (  a r g v [ l ]  )  )
b r u t e _ p e r m i n  =  f a b s (  a t o f (  a r g v [ 2 ]  )  )
b r u t e _ a b s m a x  =  f a b s  (  a t o f (  a r g v [ 3 ]  )  )
b r u t e _ s t a r t  =  f a b s (  a t o f ( a r g v [ 4 ]  )  ) ;
b r u t e _ s t o p  =  f a b s (  a t o f (  a r g v [ 5 ]  )  ) ;
i f ( b r u t e _ p e r m a x  <  b r u t e _ p e r m i n  )
r e t u r n  1 ;
f (  b r u t e _ p e r m a x  <  b r u t e _ j ? e r n o m  ) 
r e t u r n  1 ;
f  (  b r u t e _ j p e r n o m  <  b r u t e _ p e r m i n  )  
r e t u r n  1 ;
i f (  b r u t e _ a b s m a x  >  1  ) 
r e t u r n  1 ;
i f (  d e b u g  )
{
p r i n t f
(
" B r u t e  f o r c e  m e t h o d  u s i n g : \ n m a x = % l f ,  n o m = % l f ,  m i n = % l f ,  a b s = % l f ,  s t a r t = % l f ,  
s t o p = % l f \ n " ,
b r u t e _ p e r m a x ,  
b r u t e _ p e r n o m ,  
b r u t e _ p e r m i n ,  
b r u t e _ a b s m a x ,  
b r u t e _ s t a r t ,  
b r u t e _ s t o p
) ;
}
r e t u r n  0 ;
}
/*
b r u t e  m e t h o d
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*/
v o i d  b r u t e _ m e t h o d ( d o u b l e  * o p t b a s e ,  d o u b l e  * o p t e r r o r  ) 
{
/ * ------------------- ------------------------------------------------ * /
i n t b a d m o d e ;
i n t p o i n t s t e s t e d ;
d o u b l e c u r r e n t ;
d o u b l e c u r r e n t i n c ;
d o u b l e l a s t e r r o r ;
d o u b l e p e r c h a n g e ;
d o u b l e e r ;
d o u b l e n e w e r ;
d o u b l e s t o p p e r ;
/*  */
t r a p i n t e r r u p t ( ) ;
i n i t l i s t (  1 0 0 0 0 ,  1 . 2  ) ;
c u r r e n t i n c  =  A L M O S T Z E R O ;  
l a s t e r r o r  =  - 1 . 0 ;  
p o i n t s t e s t e d  =  0 ;
c u r r e n t  =  1 . 0  /  s q r t (  2  )  -  0 . 0 0  0 1 ;
i f (  o n e b i t  )
{
s t o p p e r  =  1  +  0 . 0 0 0 1 ;
}
e l s e
{
s t o p p e r  =  s q r t ( 2  )  +  0 . 0  0 0 1 ;
}
i f (  b r u t e _ s t a r t  <  c u r r e n t  )
{
b r u t e _ s t a r t  =  c u r r e n t ;
}
i f (  b r u t e _ s t o p  >  s t o p p e r  )
I
b r u t e _ s t o p  =  s t o p p e r ;
}
i f (  b r u t e _ s t a r t  <  s t o p p e r  )
{
c u r r e n t  =  b r u t e _ s t a r t ;
}
i f (  b r u t e _ s t o p  >  c u r r e n t  )
{
s t o p p e r  =  b r u t e _ s t o p ;
}
e r  =  l e l 4 ;  
n e w e r  =  e r ;  
b a d m o d e  =  0 ;
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w h i l e ( c u r r e n t  <  s t o p p e r  )
{
c u r r e n t  =  c u r r e n t  +  c u r r e n t i n c ;
c h e c k d i v t  c u r r e n t ,  l e l 4 ,  & e r ,  N U L L  ) ;
i f (  ! e r  )
{
f p r i n t f (  s t d e r r ,  " \ n Z e r o  E r r o r  F o u n d .  S t o p p i n g . \ n "  ) ;
a d d l i s t (  e r ,  c u r r e n t  ) ;  
p o i n t s t e s t e d + + ;
b r e a k ;
}
i f  (  l a s t e r r o r  >  0  )
{
p e r c h a n g e  =  f a b s (  ( e r  -  l a s t e r r o r )  /  l a s t e r r o r  ) ;
i f  ( p e r c h a n g e  <  A L M O S T Z E R O  )
{
b a d m o d e + + ;
c u r r e n t  =  c u r r e n t  -  c u r r e n t i n c ;  
c u r r e n t i n c  =  c u r r e n t i n c  *  (  1 . 1  ) ;
f p r i n t f (  s t d e r r ,  " * "  ) ;  
f f l u s h (  s t d e r r  ) ;
c o n t i n u e ;
}
e l s e
i f  ( p e r c h a n g e  >  b r u t e _ p e r m a x  )
{
i f (  b a d m o d e  )
{
l a s t e r r o r  =  - 1 ;  
c u r r e n t i n c  =  A L M O S T Z E R O ;  
b a d m o d e  =  0 ;
f p r i n t f (  s t d e r r ,  " % % "  ) ;  
f f l u s h (  s t d e r r  ) ;
c o n t i n u e ;
}
c u r r e n t  =  c u r r e n t  -  c u r r e n t i n c ;
c u r r e n t i n c  =  c u r r e n t i n c  *  b r u t e _ p e r n o m  /  p e r c h a n g e ;
f p r i n t f (  s t d e r r ,  " + "  ) ;  
f f l u s h (  s t d e r r  ) ;
c o n t i n u e ;
}
e l s e
i f  (  p e r c h a n g e  <  b r u t e _ p e r m i n  )
{
i f (  b a d m o d e  )
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{
l a s t e r r o r  =  - 1 ;  
c u r r e n t i n c  =  A L M O S T Z E R O ;  
b a d m o d e  =  0 ;
f p r i n t f (  s t d e r r ,  " % % "  ) ;  
f f l u s h t  s t d e r r  ) ;
c o n t i n u e ;
}
c u r r e n t i n c  =  c u r r e n t i n c  *  b r u t e _ p e r n o m  /  p e r c h a n g e ;  
i f (  c u r r e n t i n c  >  b r u t e _ a b s m a x  )
{
c u r r e n t i n c  =  b r u t e _ a b s m a x ;
}
f p r i n t f (  s t d e r r ,  ) ;
f f l u s h t  s t d e r r  ) ;
}
e l s e
{
b a d m o d e  =  0 ;
}
}
a d d l i s t (  e r ,  c u r r e n t  ) ;  
p o i n t s t e s t e d + + ;
l a s t e r r o r  =  e r ;
i f  (  s t o p p r o c e s s i n g  )
{
f p r i n t f (  s t d e r r ,  " \ n S t o p p i n g ! \ n "  ) ;  
s t o p p r o c e s s i n g  =  0 ;  
b r e a k ;
};
}
f p r i n t f (  s t d e r r ,  " \ n "  ) ;  
f f l u s h t  s t d e r r  ) ;
p r i n t f (  " % d  p o i n t s  t e s t e d . \ n " ,  p o i n t s t e s t e d  ) ;
e n d l i s t t  o p t b a s e ,  o p t e r r o r  ) ;
r e t u r n ;
}
A.l.4.12 err-single.c
/ *  e r r - s i n g l e . c  * /  
f t i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
# i n c l u d e  < m a t h . h >
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# i n c l u d e  " s t r u c t s . h "  
# i n c l u d e  " g l o b a l . h "
/*
i n i t  m e t h o d
*/
i n t  s i n g l e _ i n i t ( v o i d  )
{
/ *  d o  n o t h i n g ,  r e t u r n  o k  * /  
r e t u r n  0 ;
}
/*
m a t c h e r r o r  m e t h o d
*/
i n t  s i n g l e _ m a t c h e r r o r (  d o u b l e  b e s t e r r ,  d o u b l e  * r e t e r r  ) 
{
/* ----------------- */
i n t  i _ m a t c h ;
d o u b l e  e r ;  
d o u b l e  e r b e s t ;
/* ----------------- */
/ *  s e t  t o t a l  e r r o r  t o  z e r o  * /
* r e t e r r  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t a r g e t  v a l u e s  * /
f o r t  i _ m a t c h  =  0 ;  i _ m a t c h  <  t o t ;  i _ m a t c h + +  )
{
/ *  f i n d  t h e  b e s t  a p p r o x i m a t i o n  f o r  e a c h  v a l u e  * /  
f i n d b e s t t  m a t c h [ i _ m a t c h ] . v ,  & e r  ) ;
e r b e s t  =  m y _ l d e x p (  f a b s ( e r  ) ,  m a t c h [ i _ m a t c h ] . e  ) ;
/ *  a d j u s t  e r r o r  i f  i n  u n i t  e r r o r  m o d e  * /  
i f (  u n i t e r r o r  )
{
i f (  e r b e s t  < 0 . 5  )
{
e r b e s t  =  0 ;
}
}
/ *  s u m  u p  t h e  e r r o r  * /
* r e t e r r  =  * r e t e r r  +  e r b e s t ;
/ *  e x i t  i f  i t  i s  p a s t  t h e  l i m i t  * /  
i f  (  * r e t e r r  >  b e s t e r r  )
{
r e t u r n  0 ;
}
}
/ *  e x i t  w i t h  b e t t e r  e r r o r  * /
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r e t u r n  1 ;
}
/*
g e n a p p r o x i n d e x  m e t h o d
*/
d o u b l e  s i n g l e _ g e n a p p r o x i n d e x (  d o u b l e  t a r g e t ,  i n t  * s ,  i n t  * b ,  i n t  * t  )  
{
/* ---------------- */
i n t  i n d e x ;
i n t  s h i f t ;
d o u b l e  a p p r o x ;  
d o u b l e  e r ;  
d o u b l e  s e a r c h ;
/* ---------------- */
/ *  n o r m a l i z e  t h e  i n p u t  * /
s e a r c h  =  n o r m a l i z e (  f a b s (  t a r g e t  ) ,  & s h i f t  ) ;
/ *  f i n d  t h e  b e s t  a p p r o x i m a t i o n  * /  
i n d e x  =  f i n d b e s t (  s e a r c h ,  & e r  ) ;
/ *  c a l c u l a t e  t h e  a p p r o x i m a t i o n  * /  
a p p r o x  =  m y _ l d e x p (  a r i  [ i n d e x ]  . v ,  s h i f t  ) ;
/ *  c a l c u l a t e  t h e  i n d i c e s  * /  
b [ 0 ]  =  a r i  [ i n d e x ]  . e  +  s h i f t ;  
t [ 0 ]  =  a r i [ i n d e x ] . i ;
/ *  u p d a t e  t h e  s i g n  * /
a p p r o x  =  c o p y s i g n t  a p p r o x ,  t a r g e t  ) ;
/ *  u p d a t e  t h e  s i g n  i n d e x  * /  
i f (  t a r g e t  <  0  )
{
S [ 0 ]  =  - 1 ;
}
e l s e
{
S [ 0 ]  =  1 ;
}
/ *  r e t u r n  a p p r o x i m a t i o n  * /  
r e t u r n  a p p r o x ;
}
A.l.4.13 err-multiquick.c
/ *  e r r - m u l t i q u i c k . c  * /  
# i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  " s t r u c t s . h "  
# i n c l u d e  " g l o b a l . h "
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/ *  s e t  t h e  m a x i m u m  d i g i t s  * /  
f t d e f i n e  m a x d i g i t s  2  0
/*
i n i t  m e t h o d
*/
i n t  m u l t i q u i c k _ i n i t (  c h a r  * a r g v [ ]  )
{
/ *  d e t e r m i n e  n u m b e r  o f  d i g i t s  * /  
d i g i t s  =  a t o i (  a r g v [ 0 ]  ) ;
/ *  c h e c k  r a n g e  o f  d i g i t s ,  a b o r t  i f  i n v a l i d  * /  
i f ( d i g i t s  < 2  j | d i g i t s  >  m a x d i g i t s  )
{
r e t u r n  1 ;
}
/ *  e x i t  o k  * /  
r e t u r n  0 ;
}
/*
m a t c h e r r o r  m e t h o d
*/
i n t  m u l t i q u i c k _ m a t c h e r r o r (  d o u b l e  g o l d e n e r r ,  d o u b l e  * r e t e r r  ) 
{
/ * ------------------- ----------------------------------------* /
i n t i  m a t  c h ;
i n t i  d i g i t ;
i n t s h i f t ;
i n t s h i f t a c c u m ;
d o u b l e e r ;
d o u b l e m i n i m i z e ;
d o u b l e e r b e s t ;
/ * ------------------- ----------------------------------------* /
/ *  s e t t o t a l  e r r o r
* r e t e r r =  0 ;
/ *  l o o p  t h r o u g h  a l l  t a r g e t  v a l u e s  * /
f o r t  i _ m a t c h  =  0 ;  i _ m a t c h  <  t o t ;  i _ m a t c h + +  )
{
/ *  s e t  o u r  t a r g e t  m i n i z a t i o n  * /  
m i n i m i z e  =  m a t c h [ i _ m a t c h ] . v ;
/ *  s e t  t o t a l  s h i f t i n g  a m o u n t  * /  
s h i f t a c c u m  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t h e  d i g i t s  * /
f o r t  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
/ *  f i n d  t h e  b e s t  a p p r o x i m a t i o n  f o r  o u r  m i n i z a t i o n  * /  
f i n d b e s t t  m i n i m i z e ,  & e r  ) ;
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/ *  a b s o l u t e  t h e  e r r o r  * /  
m i n i m i z e  =  f a b s (  e r  ) ;
/ *  a s s u m e  r e m a i n i n g  d i g i t s  a r e  z e r o  i f  t h e  e r r o r  i s  s m a l l  * /  
i f (  m i n i m i z e  <  A L M O S T Z E R O  )
{
b r e a k ;
}
/ *  n o r m a l i z e  t h e  e r r o r  * /
m i n i m i z e  =  n o r m a l i z e (  m i n i m i z e ,  k s h i f t  ) ;
/ *  u p d a t e  t h e  s h i f t  * /  
s h i f t a c c u m  + =  s h i f t ;
}
e r b e s t  =  m y _ l d e x p (  m i n i m i z e ,  s h i f t a c c u m  +  m a t c h [ i _ m a t c h ] . e  ) ;
/ *  a d j u s t  e r r o r  i f  i n  u n i t  e r r o r  m o d e  * /  
i f (  u n i t e r r o r  )
{
i f  (  e r b e s t  < 0 . 5 )
{
e r b e s t  =  0 ;
}
}
/ *  s u m  u p  t h e  e r r o r  * /
‘ r e t e r r  =  * r e t e r r  +  e r b e s t ;
/ *  e x i t  i f  i t  i s  p a s t  t h e  l i m i t  * /  
i f  (  * r e t e r r  >  g o l d e n e r r  )
{
r e t u r n  0 ;
}
}
/ *  e x i t  w i t h  b e t t e r  e r r o r  * /  
r e t u r n  1 ;
}
/*
g e n a p r o x i n d e x  m e t h o d
*/
d o u b l e  m u l t i q u i c k _ g e n a p p r o x i n d e x (  d o u b l e  t a r g e t ,  i n t  * s ,  i n t  * b ,  i n t  * t  )  
{
/ * ------------------- ----------------------------* /
i n t i  d i g i t ;
i n t i n d e x ;
i n t s h i f t ;
d o u b l e a p p r o x ;
d o u b l e c o r r e c t ;
d o u b l e e r ;
d o u b l e s e a r c h ;
/ * ------------------- ----------------------------* /
/ *  s e t  c u r r e n t  a p p r o x i m a t i o n  * /
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a p p r o x  =  0 ;
/ *  z e r o  o u t  a l l  t h e  d i g i t s  * /
f o r (  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
s [ i _ d i g i t ]  =  0 ;  
b [ i _ d i g i t ]  =  0 ;  
t [ i _ d i g i t ]  =  0 ;
}
/ *  l o o p  t h r o u g h  f o r  a l l  t h e  d i g i t s  * /
f o r t  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
/ *  n o r m a l i z e  t h e  t a r g e t  * /
s e a r c h  =  n o r m a l i z e (  f a b s (  t a r g e t  -  a p p r o x  ) ,  & s h i f t  ) ;
/ *  f i n d  t h e  b e s t  m a t c h  * /  
i n d e x  =  f i n d b e s t t  s e a r c h ,  & e r  ) ;
/ *  d e t e r m i n e  t h e  t r u e  c o r r e c t i o n  f a c t o r  * /  
c o r r e c t  =  m y _ l d e x p (  a r i [ i n d e x ] . v ,  s h i f t  ) ;
/ *  f i n d  t h e  i n d i c e s  * /  
b [ i _ d i g i t ]  =  a r i [ i n d e x ] . e  +  s h i f t ;  
t [ i _ d i g i t ]  =  a r i [ i n d e x ]  . i  ;
/ *  a d d  o r  s u b t r a c t  m a t c h  t o  t h e  f i n a l  a p p r o x i m a t i o n  * /  
i f  (  ( t a r g e t  -  a p p r o x )  >  0  )
{
/ *  u p d a t e  a p p r o x i m a t i o n  * /  
a p p r o x  =  a p p r o x  +  c o r r e c t ;
/ *  u p d a t e  t h e  s i g n  * /  
s [ i _ d i g i t ]  =  1 ;
}
e l s e
{
/ *  u p d a t e  a p p r o x i m a t i o n  * /  
a p p r o x  =  a p p r o x  -  c o r r e c t ;
/ *  u p d a t e  t h e  s i g n  * /  
s [ i _ d i g i t ]  =  - 1 ;
}
/ *  i f  t h e  e r r o r  i s  s m a l l ,  s k i p  t h e  r e m a i n i n g  d i g i t  * /  
i f  (  f a b s (  e r  )  <  A L M O S T Z E R O  )
{
b r e a k ;
}
}
/ *  r e t u r n  t h e  a p p r o x i m a t i o n  * /  
r e t u r n  a p p r o x ;
}
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A.I.4.14 err-multinear.c
/ *  e r r - m u l t i n e a r . c  * /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
t t i n c l u d e  " s t r u c t s . h "
# i n c l u d e  " g l o b a l . h "
/ *  s e t  t h e  m a x i m u m  d i g i t s  * /  
# d e f i n e  m a x d i g i t s  2 0
/ *  d e f i n e  s o m e  l o c a l  g l o b a l s  * /  
s t a t i c  i n t  d i g i t s m l ;  
s t a t i c  i n t  * s i ,  * b i ,  * t i ;
/*
i n i t  m e t h o d
*/
i n t  m u l t i n e a r _ i n i t (  c h a r  * a r g v [ ]  )
{
/ *  d e t e r m i n e  n u m b e r  o f  d i g i t s  * /
d i g i t s  =  a t o i  (  a r g v [ 0 ]  ) ;
/ *  c a l c u l a t e  d i g i t s - 1  f o r  l a t e r  c o m p u t a t i o n s  * /  
d i g i t s m l  =  d i g i t s  -  1 ;
/ *  c h e c k  r a n g e  o f  d i g i t s ,  a b o r t  i f  i n v a l i d  * /  
i f (  d i g i t s  < 2  | |  d i g i t s  >  m a x d i g i t s  )
{
r e t u r n  1 ;
}
/ *  a l l o c a t e  m e m o r y  f o r  a r r a y s  * /  
s i  =  m a l l o c (  s i z e o f  ( * s i )  *  d i g i t s  ) ;
b i  =  m a l l o c (  s i z e o f ( * b i )  *  d i g i t s  ) ;
t i  =  m a l l o c (  s i z e o f ( * t i )  *  d i g i t s  ) ;
/ *  e x i t  o k  * /  
r e t u r n  0 ;
}
/*
m a t c h e r r o r  m e t h o d
*/
i n t  m u l t i n e a r _ m a t c h e r r o r ( d o u b l e  g o l d e n e r r ,  d o u b l e  ‘ r e t e r r  )  
{
i n t i _ d i g i t ;
i n t i  m a t c h ;
i n t i _ p o s s ;
i n t i n d e x ;
i n t s h i f t ;
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i n t  s h i f t a c c u m ;
d o u b l e  e r ;  
d o u b l e  e r b e s t ;  
d o u b l e  m i n i m i z e ;
/* ----------------------*/
/ *  s e t  t o t a l  e r r o r  t o  0  * /
* r e t e r r  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t a r g e t  v a l u e s  * /
f o r (  i _ m a t c h  =  0 ;  i _ m a t c h  <  t o t ;  i _ m a t c h + +  )
{
/ *  r e s e t  t h e  e r r o r  * /  
e r b e s t  =  l e l 4 ;
/ *  f o r  e a c h  t a r g e t  t r y  a l l  p o s s i b i l i t i e s  * /
f o r t  i _ p o s s  =  0 ;  i _ p o s s  <  p o w (  2 ,  d i g i t s m l  ) ;  i _ j p o s s + +  )
{
/ *  s e t  o u r  t a r g e t  m i n i z a t i o n  * /  
m i n i m i z e  =  m a t c h [ i _ m a t c h ] .  v ;
/ *  s e t  t o t a l  s h i f t i n g  a m o u n t  * /  
s h i f t a c c u m  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t h e  d i g i t s  * /
f o r t  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
/ *  f i n d  t h e  b e s t  a p p r o x i m a t i o n  f o r  o u r  m i n i z a t i o n  * /  
i n d e x  =  f i n d b e s t t  m i n i m i z e ,  & e r  ) ;
/ *  i f  n o t  o n  t h e  l a s t  d i g i t  . . .  * /  
i f (  i _ d i g i t  <  d i g i t s m l  )
{
/ *  f i n d  t h e  l o w e s t  m a t c h  * /  
i f (  e r  <  0  )
{
i n d e x - - ;
}
/*
*  i f  t h e  " i _ _ p o s s "  c o u n t e r  i s  t r u e  f o r  b i t  i _ d i g i t ,  u s e  t h e
*  h i g h e r  v a l u e  
* /
i f (  i _ j p o s s  &  ( 1  < <  i _ d i g i t )  )
{
i n d e x + + ;
}
}
/ *  a b s o l u t e  t h e  e r r o r  * /
m i n i m i z e  =  f a b s (  m i n i m i z e  -  a r  [ i n d e x ]  ) ;
/ *  a s s u m e  r e m a i n i n g  d i g i t s  a r e  z e r o  i f  t h e  e r r o r  i s  s m a l l  * /  
i f (  m i n i m i z e  <  A L M O S T Z E R O  )
{
b r e a k ;
}
/ *  n o r m a l i z e  t h e  e r r o r  * /
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m i n i m i z e  =  n o r m a l i z e (  m i n i m i z e ,  & s h i f t  ) ;
/ *  u p d a t e  t h e  s h i f t  * /  
s h i f t a c c u m  + =  s h i f t ;
}
/ *  c o m p u t e  t h e  r e a l  e r r o r  o f  t h i s  m a t c h  * /
e r  =  m y _ l d e x p (  m i n i m i z e ,  s h i f t a c c u m  +  m a t c h [ i _ m a t c h ] . e  ) ;
/ *  u p d a t e  b e s t  e r r o r  i f  i t  i s  s m a l l e r  * /  
i f (  e r  <  e r b e s t  )
{
e r b e s t  =  e r ;
/ *  a d j u s t  e r r o r  i f  i n  u n i t  e r r o r  m o d e  * /  
i f (  u n i t e r r o r  )
{
i f (  e r b e s t  < 0 . 5 )
{
e r b e s t  =  0 ;
}
}
/ *  s t o p  p r o c e s s  i f  e r r o r  i s  z e r o  * /  
i f (  e r b e s t  <  A L M O S T Z E R O  )
{




/ *  s u m  u p  t h e  e r r o r  * /
* r e t e r r  =  * r e t e r r  +  e r b e s t ;
/ *  e x i t  i f  i t  i s  p a s t  t h e  l i m i t  * /  
i f (  * r e t e r r  >  g o l d e n e r r  )
{
r e t u r n  0 ;
}
}
/ *  e x i t  w i t h  b e t t e r  e r r o r  * /  
r e t u r n  1 ;
}
/ *
g e n a p r o x i n d e x  m e t h o d
*/
d o u b l e  m u l t i n e a r _ g e n a p p r o x i n d e x (  d o u b l e  t a r g e t ,  i n t  * s ,  i n t  * b ,  i n t  * t  )  
{
/ * ------------------- ---------------------------------------- * /
i n t i _ d i g i t ;
i n t i _ p o s s  ;
i n t i n d e x ;
i n t s h i f t ;
d o u b l e a p p r o x ;
d o u b l e a p p r o x b e s t ;
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d o u b l e  c o r r e c t ;  
d o u b l e  e r ;  
d o u b l e  e r b e s t ;  
d o u b l e  s e a r c h ;
/*  */
/ *  r e s e t  t h e  e r r o r  * /  
e r b e s t  =  l e l 4 ;
/ *  f o r  e a c h  t a r g e t  t r y  a l l  p o s s i b i l i t i e s  * /
f o r t  i j i o s s  =  0 ;  i _ p o s s  <  p o w (  2 ,  d i g i t s m l  ) ;  i _ p o s s + +  )
{
/ *  z e r o  o u t  a l l  t h e  d i g i t s  * /
f o r t  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
s i [ i _ d i g i t ]  =  0 ;  
b i  [ i _ d i g i t ]  =  0 ;  
t i  [ i _ d i g i t ]  =  0 ;
}
/ *  s e t  o u r  i n i t i a l  a p p r o x i m a t i o n  * /  
a p p r o x  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t h e  d i g i t s  * /
f o r t  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
/ *  n o r m a l i z e  o u r  t a r g e t  * /
s e a r c h  =  n o r m a l i z e (  f a b s (  t a r g e t  -  a p p r o x  ) ,  & s h i f t  ) ;
/ *  f i n d  t h e  b e s t  m a t c h  * /  
i n d e x  =  f i n d b e s t t  s e a r c h ,  & e r  ) ;
/ *  i f  n o t  o n  t h e  l a s t  d i g i t  . . .  * /  
i f ( i _ d i g i t  <  d i g i t s m l  )
{
/ *  f i n d  t h e  l o w e s t  m a t c h  * /  
i f  (  e r  <  0  )
{
i n d e x - - ;
}
/*
*  i f  t h e  " i _ p o s s "  c o u n t e r  i s  t r u e  f o r  b i t  i _ d i g i t ,  u s e  t h e
*  h i g h e r  v a l u e  
*/
i f  (  i j o s s  &  ( 1  < <  i _ d i g i t )  )
{
i n d e x + + ;
}
}
/ *  d e t e r m i n e  t h e  t r u e  c o r r e c t i o n  f a c t o r  * /  
c o r r e c t  =  m y _ l d e x p (  a r i [ i n d e x ] . v ,  s h i f t  ) ;
/ *  f i n d  t h e  i n d i c e s  * /
b i  [ i _ d i g i t ]  =  a r i [ i n d e x ] . e  +  s h i f t ;
t i  [ i _ d i g i t ]  =  a r i  [ i n d e x ]  . i ;
/ *  a d d  o r  s u b t r a c t  m a t c h  t o  t h e  f i n a l  a p p r o x i m a t i o n  * /
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i f (  ( t a r g e t  -  a p p r o x )  >  0  )
{
/ *  u p d a t e  a p p r o x i m a t i o n  * /  
a p p r o x  =  a p p r o x  +  c o r r e c t ;
/ *  u p d a t e  t h e  s i g n  * /  
s i [ i _ d i g i t ]  =  1 ;
}
e l s e
{
/ *  u p d a t e  a p p r o x i m a t i o n  * /  
a p p r o x  =  a p p r o x  -  c o r r e c t ;
/ *  u p d a t e  t h e  s i g n  * /  
s i [ i _ d i g i t ]  =  - 1 ;
}
/ *  i f  t h e  e r r o r  i s  s m a l l ,  s k i p  t h e  r e m a i n i n g  d i g i t s  * /  
i f  (  f a b s (  e r  )  <  A L M O S T Z E R O  )
{
b r e a k ;
}
}
/ *  c h e c k  f o r  b e s t  a p p r o x i m a t i o n  * /  
e r  =  f a b s (  a p p r o x  -  t a r g e t  ) ;
i f (  e r  <  e r b e s t  )
{
/ *  u p d a t e  t h e  b e s t  e r r o r  * /  
e r b e s t  =  e r ;
/ *  u p d a t e  t h e  b e s t  a p p r o x i m a t i o n  * /  
a p p r o x b e s t  =  a p p r o x ;
/ *  c o p y  o u t  t h e  b e s t  i n d i c e s  * /
f o r (  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
s [ i _ d i g i t ]  =  s i [ i _ d i g i t ] ;  
b [ i _ d i g i t ]  =  b i [ i _ d i g i t ] ;  
t  [ i _ d i g i t ]  =  t i [ i _ d i g i t ] ;
}
/ *  s t o p  p r o c e s s  i f  e r r o r  i s  z e r o  * /  
i f (  e r b e s t  <  A L M O S T Z E R O  )
{




/ *  r e t u r n  t h e  a p p r o x i m a t i o n  * /  
r e t u r n  a p p r o x b e s t ;
}
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A.l.4.15 err-multibrute.c
/ *  e r r - m u l t i b r u t e . c  * /  
# i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
t t i n c l u d e  < m a t h . h >
# i n c l u d e  " s t r u c t s . h "
# i n c l u d e  " g l o b a l . h "
/ *  s e t  t h e  m a x i m u m  d i g i t s  * /  
# d e f i n e  m a x d i g i t s  2  0
/ *  d e f i n e  s o m e  l o c a l  g l o b a l s  * /  
s t a t i c  i n t  d i g i t s m l ;
s t a t i c  i n t  m u l t i b r u t e _ l e v e l ,  m u l t i b r u t e _ l e v e l t 2 ;  
s t a t i c  i n t  * s i ,  * b i ,  * t i ;
s t a t i c  i n t  * r e g s h i f t ,  * r e g i n d e x ,  * r e g s h i f t v a l ;  
s t a t i c  i n t  m u l t i b r u t e c o u n t  =  0 ;
/ *
i n i t  m e t h o d
* /
i n t  m u l t i b r u t e _ i n i t (  c h a r  * a r g v [ ]  ) 
{
/ *  —  * /  
i n t  i  ;  
i n t  j  ;
/ *  —  * /
/ *  d e t e r m i n e  n u m b e r  o f  d i g i t s  * /  
d i g i t s  =  a t o i (  a r g v [ 0 ]  ) ;
/ *  c a l c u l a t e  d i g i t s - 1  f o r  l a t e r  c o m p u t a t i o n s  * /  
d i g i t s m l  =  d i g i t s  -  1 ;
/ *  c h e c k  r a n g e  o f  d i g i t s ,  a b o r t  i f  i n v a l i d  * /  
i f (  d i g i t s  < 2  | |  d i g i t s  >  m a x d i g i t s  )
{
r e t u r n  1 ;
}
/ *  d e t e r m i n e  t h e  b r u t e  f o r c e  l e v e l  * /  
m u l t i b r u t e _ l e v e l  =  a t o i (  a r g v [ l ]  ) ;
/ *  c h e c k  l e v e l  r a n g e ,  a b o r t  i f  i n v a l i d  * /  
i f (  m u l t i b r u t e _ l e v e l  <  0  | |  m u l t i b r u t e _ l e v e l  >  3 0  ) 
{
r e t u r n  1 ;
}
/ *  g e n e r a t e  c o n s t a n t s  t o  i m p r o v e  s p e e d  * /  
m u l t i b r u t e _ l e v e l t 2  =  m u l t i b r u t e _ l e v e l  *  2 ;
/ *  a l l o c a t e  m e m o r y  f o r  a r r y a s  * /  
s i  =  m a l l o c (  s i z e o f ( * s i )  *  d i g i t s  ) ;
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b i  =  m a l l o c (  s i z e o f ( * b i )  *  d i g i t s  ) ;
t i  =  m a l l o c (  s i z e o f ( * t i )  *  d i g i t s  ) ;
r e g s h i f t  =  m a l l o c (  s i z e o f ( * r e g s h i f t )  *  d i g i t s m l  ) ;
r e g i n d e x  =  m a l l o c (  s i z e o f ( * r e g i n d e x )  *  d i g i t s m l  ) ;
r e g s h i f t v a l  =  m a l l o c (  s i z e o f ( * r e g s h i f t v a l )  *  ( m u l t i b r u t e _ l e v e l t 2  + 1 )  ) ;
/ *  c r e a t e  t a b l e  o f  r e a l  s h i f t  v a l u e s  * /  
f o r (  i  =  0 ;  i  < =  m u l t i b r u t e _ l e v e l t 2 ;  i + +  )
{
j  =  i ;
i f (  j  &  l  )
{
j  =  -  (  j  +  1  > ;
}
r e g s h i f t v a l [ i ]  =  j  /  2 ;
}
/ *  e x i t  o k  * /  
r e t u r n  0 ;
}
/ *
m a t c h e r r o r  m e t h o d
* /
i n t  m u l t i b r u t e _ m a t c h e r r o r (  d o u b l e  g o l d e n e r r ,  d o u b l e  * r e t e r r  ) 
{
/ * ------------------- ----------------------------------------* /
i n t d o n e  ;
i n t i _ d i g i t ;
i n t i _ m a t c h ;
i n t i  J J O S S  ;
i n t s h i f t ;
i n t s h i f t a c c u m ;
d o u b l e e r ;
d o u b l e e r b e s t ;
d o u b l e m i n i m i z e ;
/ * ------------------- ----------------------------------------* /
/ *  s e t t o t a l  e r r o r
* r e t e r r =  0 ;
/ *  l o o p  t h r o u g h  a l l  t a r g e t  v a l u e s  * /
f o r i  i _ m a t c h  =  0 ;  i _ m a t c h  <  t o t ;  i _ m a t c h + +  )
{
/ *  r e s e t  t h e  e r r o r  * /  
e r b e s t  =  l e l 4 ;
/ *  i n i t i a l i z e  t h e  b r u t e  p o s s i b i l i t i e s  * /  
f o r i  i _ p o s s  =  0 ;  i _ p o s s  <  d i g i t s m l ;  i _ p o s s + +  )  
{
/ *  s t a r t  a t  s h i f t  a n d  z e r o  a n d  i n c r e a s e  * /  
r e g s h i f t [ i _ p o s s ]  =  0 ;
/ *  s t a r t  a t  t h e  f i r s t  i n d e x  * /  
r e g i n d e x [ i _ p o s s ]  =  0 ;
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}
/ *  i n i t i a l i z e  t h e  d o n e  f l a g s  * /  
d o n e  =  0 ;
/ *  f o r  e a c h  t a r g e t  t r y  a l l  p o s s i b i l i t i e s  * /  
d o  
{
/ *  s e t  o u r  t a r g e t  m i n i z a t i o n  * /  
m i n i m i z e  =  m a t c h [ i _ m a t c h ] .  v ;
/ *  s e t  t o t a l  s h i f t i n g  a m o u n t  * /  
s h i f t a c c u m  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t h e  d i g i t s  * /
f o r (  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
/ *  i f  n o t  o n  t h e  l a s t  d i g i t  . . .  * /  
i f ( i _ d i g i t  <  d i g i t s m l  )
{
/ *  d e t e r m i n e  t h e  b r u t e  f o r c e  e r r o r  * /  
e r  =  m i n i m i z e  -  m y _ l d e x p  
(
a r [ r e g i n d e x [ i _ d i g i t ] ] ,  
r e g s h i f t v a l  [ r e g s h i f t [ i _ d i g i t ] ]
) ;
}
e l s e
{
/ *  f o r  t h e  l a s t  d i g i t ,  u s e  f i n d b e s t  t o  d e t e r m i n e  t h e  e r r o r  * /  
f i n d b e s t (  m i n i m i z e ,  & e r  ) ;
}
/ *  a b s o l u t e  t h e  e r r o r  * /  
m i n i m i z e  =  f a b s (  e r  ) ;
/ *  a s s u m e  r e m a i n i n g  d i g i t s  a r e  z e r o  i f  t h e  e r r o r  i s  s m a l l  * /  
i f ( m i n i m i z e  <  A L M O S T Z E R O  )
{
b r e a k ;
}
/ *  n o r m a l i z e  t h e  e r r o r  * /
m i n i m i z e  =  n o r m a l i z e (  m i n i m i z e ,  & s h i f t  ) ;
/ *  u p d a t e  t h e  s h i f t  * /  
s h i f t a c c u m  + =  s h i f t ;
}
/ *  c o m p u t e  t h e  r e a l  e r r o r  o f  t h i s  m a t c h  * /
e r  =  m y _ l d e x p (  m i n i m i z e ,  s h i f t a c c u m  +  m a t c h [ i _ m a t c h ] . e  ) ;
/ *  u p d a t e  b e s t  e r r o r  i f  i t  i s  s m a l l e r  * /  
i f  (  e r  <  e r b e s t  )
{
e r b e s t  =  e r ;
/ *  a d j u s t  e r r o r  i f  i n  u n i t  e r r o r  m o d e  * /  
i f  (  u n i t e r r o r  )
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{
i f  (  e r b e s t  <  0 . 5  )
{
e r b e s t  =  0 ;
}
}
/ *  s t o p  b r u t e  f o r c e  i f  e r r o r  i s  z e r o  * /  
i f (  e r b e s t  <  A L M O S T Z E R O  )
{
b r e a k ;
}
}
/ *  f i n d  d i g i t  t o  i n c r e m e n t  f o r  t h e  " s h i f t "  * /  
i _ d i g i t  =  0 ;
w h i l e (  1  )
{
i f (  r e g i n d e x [ i _ d i g i t ]  = =  l i m m a x  )
{
/ *  a g a i n ,  i f  d i g i t  i s  a t  i t s  h i g h e s t ,  r e s e t  * /  
r e g i n d e x [ i _ d i g i t ]  =  0 ;
/ *  i f  t h e  d i g i t  i s  a t  i t s  h i g h e s t ,  r e s e t  i t  * /  
i f (  r e g s h i f t [ i _ d i g i t ]  > =  m u l t i b r u t e _ l e v e l t 2  )
{
r e g s h i f t [ i _ d i g i t ]  =  0 ;
/ *  m o v e  t o  n e x t  o n e  * /  
i _ d i g i t + + ;
i f (  i _ d i g i t  <  d i g i t s m l  )
{
c o n t i n u e ;
}
/ *  o u t  o f  d i g i t s ,  g o  t o  n e x t  v a l u e  t o  m a t c h  * /  
d o n e + + ;
b r e a k ;
}
e l s e
{
/ *  i f  n o t ,  g o  t o  n e x t  s h i f t  * /  
r e g s h i f t [ i _ d i g i t ] + + ;
b r e a k ;
}
}
e l s e
{
/ *  i f  n o t ,  g o  t o  n e x t  i n d e x  * /  
r e g i n d e x [ i _ d i g i t ] + + ;
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w h i l e (  i d o n e  ) ;
/ *  s u m  u p  t h e  e r r o r  * /
* r e t e r r  =  * r e t e r r  +  e r b e s t ;
/ *  p r i n t  o u t  a  e v e r y  1 6 3 8 4  c o m p u t a t i o n s  * /
m u l t i b r u t e c o u n t + + ;
i f (  m u l t i b r u t e c o u n t  &  1 6 3 8 4  )
{
f p r i n t f (  s t d e r r ,  ) ;
f f l u s h t  s t d e r r  ) ;  
m u l t i b r u t e c o u n t  =  0 ;
}
/ *  e x i t  i f  i t  i s  p a s t  t h e  l i m i t  * /  
i f (  * r e t e r r  >  g o l d e n e r r  )
{
r e  t u r n  0 ;
}
}
/ *  e x i t  w i t h  b e t t e r  e r r o r  * /  
r e t u r n  1 ;
}
/*
g e n a p p r o x i n d e x  m e t h o d
*/
d o u b l e  m u l t i b r u t e _ g e n a p p r o x i n d e x (  d o u b l e  t a r g e t ,  i n t  * s ,  i n t  * b ,  i n t  * t  ) 
{
/ * ------------------- ----------------------------------------* /
i n t d o n e  ;
i n t i _ d i g i t ;
i n t i _ p o s s ;
i n t i n d e x ;
i n t s h i f t ;
i n t t s h i f t ;
d o u b l e a p p r o x ;
d o u b l e a p p r o x b e s t ;
d o u b l e c o r r e c t ;
d o u b l e e r ;
d o u b l e e r b e s t ;
d o u b l e s e a r c h ;
/*  */
/ *  r e s e t  t h e  e r r o r  * /  
e r b e s t  =  l e l 4 ;
/ *  i n i t i a l i z e  t h e  b r u t e  p o s s i b i l i t i e s  * /  
f o r (  i _ p o s s  =  0 ;  i _ p o s s  <  d i g i t s m l ;  i _ p o s s + +  ) 
{
r e g s h i f t [ i _ p o s s ]  =  0 ;  
r e g i n d e x [ i _ p o s s ]  =  0 ;
}
/ *  r e s e t  t h e  d o n e  f l a g  * /  
d o n e  =  0 ;
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/ *  t r y  a l l  p o s s i b i l i t i e s  * /  
d o  
{
/ *  z e r o  o u t  a l l  t h e  d i g i t s  * /
f o r !  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
s i  [ i _ d i g i t ]  =  0 ;  
b i  [ i _ d i g i t ]  =  0 ;  
t i  [ i _ d i g i t ]  =  0 ;
}
/ *  s e t  o u r  i n i t i a l  a p p r o x i m a t i o n  * /  
a p p r o x  =  0 ;
/ *  l o o p  t h r o u g h  a l l  t h e  d i g i t s  * /
f o r (  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
/ *  n o r m a l i z e  o u r  t a r g e t  * /
s e a r c h  =  n o r m a l i z e !  f a b s (  t a r g e t  -  a p p r o x  ) ,  k t s h i f t  ) ;
/ *  i f  n o t  o n  t h e  l a s t  d i g i t  . . .  * /  
i f (  i _ d i g i t  <  d i g i t s m l  )
{
/ *  g e t  t h e  i n d e x  * /  
i n d e x  =  r e g i n d e x [ i _ d i g i t ] ;
/ *  d e t e r m i n e  t h e  s h i f t  * /
s h i f t  =  r e g s h i f t v a l [ r e g s h i f t [ i _ d i g i t ]  ]  ;
/ *  d e t e r m i n e  t h e  b r u t e  f o r c e  e r r o r  * /
e r  =  s e a r c h  -  m y _ l d e x p (  a r i [ i n d e x ] . v ,  s h i f t  ) ;
/ *  a d j u s t  t o t a l  s h i f t  * /  
t s h i f t  =  t s h i f t  +  s h i f t ;
}
e l s e
{
/*
*  f o r  t h e  l a s t  d i g i t ,  u s e  f i n d b e s t  t o  d e t e r m i n e  t h e  i n d e x  a n d
*  e r r o r  
*/
i n d e x  =  f i n d b e s t (  s e a r c h ,  & e r  ) ;
}
/ *  d e t e r m i n e  t h e  t r u e  c o r r e c t i o n  f a c t o r  * /  
c o r r e c t  =  m y _ l d e x p (  a r i [ i n d e x ] . v ,  t s h i f t  ) ;
/ *  f i n d  t h e  i n d i c e s  * /
b i  [ i _ d i g i t ]  =  a r i  [ i n d e x ]  . e  +  t s h i f t ;  
t i  [ i _ d i g i t ]  =  a r i  [ i n d e x ]  . i ;
/ *  a d d  o r  s u b t r a c t  m a t c h  t o  t h e  f i n a l  a p p r o x i m a t i o n  * /  
i f  (  ( t a r g e t  -  a p p r o x )  >  0  )
{
/ *  u p d a t e  a p p r o x i m a t i o n  * /  
a p p r o x  =  a p p r o x  +  c o r r e c t ;
/ *  u p d a t e  t h e  s i g n  * /
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s i [ i _ d i g i t ]  =  1 ;
}
e l s e
{
/ *  u p d a t e  a p p r o x i m a t i o n  * /  
a p p r o x  =  a p p r o x  -  c o r r e c t ;
/ *  u p d a t e  t h e  s i g n  * /  
s i [ i _ d i g i t ]  =  - 1 ;
}
/ *  i f  t h e  e r r o r  i s  s m a l l ,  s k i p  t h e  r e m a i n i n g  d i g i t  * /  
i f  (  f a b s ( e r  )  <  A L M O S T Z E R O  )
{
b r e a k ;
}
}
/ *  c h e c k  f o r  b e s t  a p p r o x i m a t i o n  * /  
e r  =  f a b s (  a p p r o x  -  t a r g e t  ) ;
i f (  e r  <  e r b e s t  )
{
/ *  u p d a t e  t h e  b e s t  e r r o r  * /  
e r b e s t  =  e r ;
/ *  u p d a t e  t h e  b e s t  a p p r o x i m a t i o n  * /  
a p p r o x b e s t  =  a p p r o x ;
/ *  c o p y  o u t  t h e  b e s t  i n d i c e s  * /
f o r (  i _ d i g i t  =  0 ;  i _ d i g i t  <  d i g i t s ;  i _ d i g i t + +  )
{
s [ i _ d i g i t ]  =  s i [ i _ d i g i t ] ;  
b [ i _ d i g i t ]  =  b i [ i _ d i g i t ] ;  
t [ i _ d i g i t ]  =  t i [ i _ d i g i t ] ;
}
/ *  s t o p  b r u t e  f o r c e  i f  e r r o r  i s  z e r o  * /  
i f (  e r b e s t  <  A L M O S T Z E R O  )
{
b r e a k ;
}
}
/ *  f i n d  d i g i t  t o  i n c r e m e n t  f o r  t h e  " s h i f t "  * /  
i _ d i g i t  =  0 ;
w h i l e (  1  )
{
i f ( r e g i n d e x [ i _ d i g i t ]  = =  l i m m a x  )
{
/ *  a g a i n ,  i f  d i g i t  i s  a t  i t s  h i g h e s t ,  r e s e t  * /  
r e g i n d e x [ i _ d i g i t ]  =  0 ;
/ *  i f  t h e  d i g i t  i s  a t  i t s  h i g h e s t ,  r e s e t  i t  * /  
i f (  r e g s h i f t [ i _ d i g i t ]  > =  m u l t i b r u t e _ l e v e l t 2  )
{
r e g s h i f t [ i _ d i g i t ]  =  0 ;
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/ *  m o v e  t o  n e x t  o n e  * /  
i _ d i g i t + + ;
i f ( i _ d i g i t  <  d i g i t s m l  )
{
c o n t i n u e ;
}
/ *  o u t  o f  d i g i t s ,  g o  t o  n e x t  v a l u e  t o  m a t c h  * /  
d o n e + + ;
b r e a k ;
}
e l s e
{
/ *  i f  n o t ,  g o  t o  n e x t  s h i f t  * /  
r e g s h i f t [ i _ d i g i t ] + + ;
b r e a k ;
}
}
e l s e
{
/ *  i f  n o t ,  g o  t o  n e x t  i n d e x  * /  
r e g i n d e x [ i _ d i g i t ] + + ;




w h i l e (  I d o n e  ) ;
/ *  r e t u r n  t h e  a p p r o x i m a t i o n  * /  
r e t u r n  a p p r o x b e s t ;
}
A .I.5 Optimal Base File Formats
The optimal base software reads in input and writes out output data in IEEE 64-bit floating 
point format so that there is no lose in computational accuracy.
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A.I.5.1 File Header
In order to make these input and output files interchangeable between different processor 
types (i.e., Sparc and x 8 6 ), a special 4-byte header (or magic number) is placed at the 
beginning of the files to indicate the order of the floating point bytes:
Magic Number Definition/File Type
0 x 4 f 4 2 4  931  o r  
"O B I1"  o r  
1 3 2 9 7 4 4 1 7 7
“0 ”ptimal “B”ase “Fnput Version “ 1”
0 x 4 f 4 2 4 f 3 1  o r  
"OBOl" o r  
1 3 2 9 7 4 5 7 1 3
“0 ”ptimal “B”ase “0 ”utput Version “ 1”
A.I.5.2 Determining the File Endian
When the files are read in byte-by-byte, the endian of the system (little: least significant 
bytes first; big: most significant bytes first) can be determined:
Input Sequence Definition/File Type
0 x 4 f  0 x 4 2  0x4  9 0 x 3 1 Optimal Base Input Version 1 MSB
0 x 4 f  0 x 4 2  0 x 4 f  0 x 3 1 Optimal Base Output Version 1 MSB
0 x 3 1  0 x 4 9  0 x 4 2  0 x 4 f Optimal Base Input Version 1 LSB
0 x 3 1  0 x 4 f  0 x 4 2  0 x 4 f Optimal Base Output Version 1 LSB
A.I.5.3 Optimal Base Input File Format (Version 1)
After the endian of the file is determined, the remaining bytes are the values to optimize. 
Since each value is a 64-bit number, the file size will be limited to n • 8  + 4 bytes.
Depending on the endian of the file and the endian o f the system which the software is 
running, the 64-bit IEEE floating point data may have to be swapped. The software does 
this automatically.
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A.I.5.4 Optimal Base Output File Format (Version 1)
After the endian o f the file is determined, the remaining bytes are the values to optimize 
followed by the 64-bit floating point representation of the final optimal base and error in 
the appropriate endian.
A. 1.6 Makefiles
The following section includes the makefile (Unix) and other project files (Windows).
A.I.6.1 Makefile (Solaris/UNIX Makefile)
#  S o l a r i s  M a k e f i l e  f o r  o p t i m a l  b a s e  t o o l s
#  F o r  h i g h  s p e e d  o p e r a t i o n  u s i n g  t h e  F o r t e  c o m p i l e r  
C C  =  c c  - x C C  - f a s t  - x 0 5
#  F o r  d e b u g g i n g  w i t h  g c c  
# C C  =  g c c  - g
#  F o r  b e t t e r  m a t h  p e r f o r m a n c e  u s e  t h i s  l i n k  w i t h  F o r t e
#  T h e  p a t h  m a y  h a v e  t o  b e  c h a n g e d
L I N K F  =  - L / C M C / v l s i / w o r k s h o p / S U N W s p r o / S C 5 . 0 / l i b  - l m o p t  - l m  - l c o p t
C O B J S =  m e t h - n r o o t . o  m e t h - b r u t e . o  e r r - s i n g l e . o  e r r - m u l t i q u i c k . o  e r r - m u l t i n e a r . o  
e r r - m u l t i b r u t e . o  f u n . o  i o . o  l i s t . o  g l o b a l . o  m e t h o d s . o  a r g s . o
O O B J S =  $  ( C O B J S )  o p t b a s e . o  
T O B J S =  $  ( C O B J S )  m a k e t a b l e . o  
A O B J S =  $  ( C O B J S )  a n y b a s e . o
a l l  : o p t b a s e  m a k e t a b l e  a n y b a s e
o p t b a s e :  $ ( O O B J S )
$ ( C C )  - O  $ @  $ ( O O B J S )  $ ( L D F L A G S ) $ ( L I N K F )
m a k e t a b l e :  $ ( T O B J S )
$ ( C C )  - O  $ @  $ ( T O B J S )  $ ( L D F L A G S )  $ ( L I N K F )
a n y b a s e :  $ ( A O B J S )
$ ( C C )  - O  $ @  $ ( A O B J S )  $ ( L D F L A G S )  $ ( L I N K F )
m e t h - n r o o t . o  m e t h - b r u t e . o  e r r - s i n g l e . o  e r r - d o u b l e q u i c k . o  e r r - d o u b l e n e a r . o  e r r -  
d o u b l e b r u t e . o  f u n . o  i o . o  l i s t . o  g l o b a l . o  m e t h o d s . o  a r g s . o  :  s t r u c t s . h  g l o b a l . h
o p t b a s e . o  :  s t r u c t s . h  g l o b a l . h  
m a k e t a b l e . o  :  s t r u c t s . h  g l o b a l . h  
a n y b a s e . o  :  s t r u c t s . h  g l o b a l . h
c l e a n :
r m  - f  c o r e  o p t b a s e  m a k e t a b l e  a n y b a s e  $ ( C O B J S )  $ ( T O B J S )
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A.l.6.2 optimal.dsw (Complete Visual C++ Project Workspace)
M i c r o s o f t  D e v e l o p e r  S t u d i o  W o r k s p a c e  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0  
#  W A R N I N G :  D O  N O T  E D I T  O R  D E L E T E  T H I S  W O R K S P A C E  F I L E !
###############################################################################
P r o j e c t :  " a n y b a s e " = " . \ a n y b a s e . d s p "  -  P a c k a g e  O w n e r = < 4 >
P a c k a g e = < 5 >
{{{ 
}}}
P a c k a g e = < 4 >
{{{
B e g i n  P r o j e c t  D e p e n d e n c y  
P r o j e c t _ D e p _ N a m e  o p t b a s e  
E n d  P r o j e c t  D e p e n d e n c y
}}}
###############################################################################
P r o j e c t :  " m a k e t a b l e " = " . \ m a k e t a b l e . d s p "  -  P a c k a g e  O w n e r = < 4 >
P a c k a g e = < 5 >
{{{ 
}}}
P a c k a g e = < 4 >
{{{
B e g i n  P r o j e c t  D e p e n d e n c y  
P r o j e c t _ D e p _ N a m e  o p t b a s e  
E n d  P r o j e c t  D e p e n d e n c y
}}}
###############################################################################
P r o j e c t :  " o p t b a s e " = " . \ o p t b a s e . d s p "  -  P a c k a g e  O w n e r = < 4 >
P a c k a g e = < 5 >
{{{ 
}}}




G l o b a l :
P a c k a g e = < 5 >
{{{ 
}}}
P a c k a g e = < 3 >
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A.l.6.3 optbase.dsp (optbase Visual C++ Project File)
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  P r o j e c t  F i l e  -  N a m e = " o p t b a s e "  -  P a c k a g e  O w n e r = < 4 >
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  G e n e r a t e d  B u i l d  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0
#  * *  D O  N O T  E D I T  * *
#  T A R G T Y P E  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  0 x 0 1 0 3  
C F G = o p t b a s e  -  W i n 3 2  D e b u g
[ M E S S A G E  T h i s  i s  n o t  a  v a l i d  m a k e f i l e .  T o  b u i l d  t h i s  p r o j e c t  u s i n g  N M A K E ,
[ M E S S A G E  u s e  t h e  E x p o r t  M a k e f i l e  c o m m a n d  a n d  r u n
[ M E S S A G E
[ M E S S A G E  N M A K E  / f  " o p t b a s e . m a k " .
[ M E S S A G E
[ M E S S A G E  Y o u  c a n  s p e c i f y  a  c o n f i g u r a t i o n  w h e n  r u n n i n g  N M A K E  
[ M E S S A G E  b y  d e f i n i n g  t h e  m a c r o  C F G  o n  t h e  c o m m a n d  l i n e .  F o r  e x a m p l e :
[ M E S S A G E
[ M E S S A G E  N M A K E  / f  " o p t b a s e . m a k "  C F G = " o p t b a s e  -  W i n 3 2  D e b u g "
[ M E S S A G E
[ M E S S A G E  P o s s i b l e  c h o i c e s  f o r  c o n f i g u r a t i o n  a r e :
[ M E S S A G E
[ M E S S A G E  " o p t b a s e  -  W i n 3 2  R e l e a s e "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )  
[ M E S S A G E  " o p t b a s e  -  W i n 3 2  D e b u g "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )  
[ M E S S A G E
#  B e g i n  P r o j e c t
#  P R O P  A l l o w P e r C o n f i g D e p e n d e n c i e s  0
#  P R O P  S c c _ P r o j N a m e  " "
#  P R O P  S c c _ L o c a l P a t h  " "
C P P = c l . e x e
R S C = r c . e x e
! I F  " $ ( C F G ) "  = =  " o p t b a s e  -  W i n 3 2  R e l e a s e "
# P R O P  B A S E  U s e _ M F C  0
# P R O P  B A S E  U s e  D e b u g  L i b r a r i e s  0
# P R O P  B A S E  O u t p u t  D i r  " R e l e a s e "
# P R O P  B A S E  I n t e r m e d i a t e _ D i r  " R e l e a s e "
# P R O P  B A S E  T a r g e t _ D i r  " "
# P R O P  U s e _ M F C  0
# P R O P  U s e _ D e b u g  L i b r a r i e s  0
# P R O P  O u t p u t _ D i r  " o p t b a s e  W i n 3 2  R e l e a s e "
# P R O P  I n t e r m e d i a t e _ D i r  " o p t b a s e ________W i n 3 2  R e l e a s e "
# P R O P  T a r g e t  D i r
# A D D  B A S E  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D " N D E B U G "  / D " _ C O N S O L E
" _ M B C S "  / Y X  / F D  / c
# A D D  C P P  / n o l o g o  / W 3  / G X  / 0 2  / O b 2  / D  " W I N 3 2 "  / D " N D E B U G "  / D " _ C O N S O L E
" _ M B C S "  / F D  / c
# S U B T R A C T  C P P  / Y X
# A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " N D E B U G "
# A D D  R S C  / I  0 x 4  0  9  / d  " N D E B U G "
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B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . l i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p > o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
! E L S E I F  " $ ( C F G ) " = =  " o p t b a s e  -  W i n 3 2  D e b u g "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  B A S E  O u t p u t _ D i r  " o p t b a s e _W i n 3  2 _ D e b u g "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " o p t b a s e _________ W i n 3 2 _ D e b u g "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  O u t p u t _ D i r  " o p t b a s e  W i n 3 2 _ D e b u g "
#  P R O P  I n t e r m e d i a t e _ D i r  " o p t b a s e  W i n 3 2 _ D e b u g "
#  P R O P  I g n o r e _ E x p o r t _ L i b  0
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  
/ D  " _ M B C S "  / Y X  / F D  / G Z  / c
#  A D D  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / G Z  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4 0 9  / d  " _ D E B U G "
#  A D D  R S C  / I  0 x 4  0  9  / d  " _ D E B U G "
B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3 2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . l i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
! E N D I F
#  B e g i n  T a r g e t
#  N a m e  " o p t b a s e  -  W i n 3 2  R e l e a s e "
#  N a m e  " o p t b a s e  -  W i n 3  2  D e b u g "
#  B e g i n  G r o u p  " S o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " c p p ; c ; c x x ; r c ; d e f ; r ; o d l ; i d l ; h p j ; b a t "
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#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ a r g s . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i b r u t e . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i n e a r . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i q u i c k . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - s i n g l e . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ f u n . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ g l o b a l . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ i o . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ l i s t . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ m e t h - b r u t e . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ m e t h - n r o o t . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m e t h o d s . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ o p t b a s e . c
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " H e a d e r  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " h ; h p p ; h x x ; h m ; i n i "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ g l o b a l . h
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#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m e t h o d s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ s t r u c t s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ t i m e v a l . h
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " R e s o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " i c o ; c u r ; b m p ; d i g ; r c 2 ; r e t ; b i n ; r g s ; g i f ; j p g ; j p e g ; j p e "
#  E n d  G r o u p
#  E n d  T a r g e t
#  E n d  P r o j e c t
A.I.6.4 anybase.dsp (anybase Visual C++ Project File)
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  P r o j e c t  F i l e  -  N a m e = " a n y b a s e "  -  P a c k a g e  0 w n e r = < 4 >
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  G e n e r a t e d  B u i l d  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0
#  * *  D O  N O T  E D I T  * *
#  T A R G T Y P E  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  0 x 0 1 0 3  
C F G = a n y b a s e  -  W i n 3 2  D e b u g
I M E S S A G E  T h i s  i s  n o t  a  v a l i d  m a k e f i l e .  T o  b u i l d  t h i s  p r o j e c t  u s i n g  N M A K E ,  
I M E S S A G E  u s e  t h e  E x p o r t  M a k e f i l e  c o m m a n d  a n d  r u n  
! M E S S A G E
I M E S S A G E  N M A K E  / f  " a n y b a s e . m a k " .
I M E S S A G E
I M E S S A G E  Y o u  c a n  s p e c i f y  a  c o n f i g u r a t i o n  w h e n  r u n n i n g  N M A K E  
I M E S S A G E  b y  d e f i n i n g  t h e  m a c r o  C F G  o n  t h e  c o m m a n d  l i n e .  F o r  e x a m p l e :
I M E S S A G E
I M E S S A G E  N M A K E  / f  " a n y b a s e . m a k "  C F G = " a n y b a s e  -  W i n 3 2  D e b u g "
I M E S S A G E
I M E S S A G E  P o s s i b l e  c h o i c e s  f o r  c o n f i g u r a t i o n  a r e :
I M E S S A G E
I M E S S A G E  " a n y b a s e  -  W i n 3 2  R e l e a s e "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  
I M E S S A G E  " a n y b a s e  -  W i n 3 2  D e b u g "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )  
I M E S S A G E
#  B e g i n  P r o j e c t
#  P R O P  A l l o w P e r C o n f i g D e p e n d e n c i e s  0
#  P R O P  S c c _ P r o j N a m e  " "
#  P R O P  S c c _ L o c a l P a t h  " "
C P P = c l . e x e
R S C = r c . e x e
I I F  " $ ( C F G ) "  = =  " a n y b a s e  -  W i n 3 2  R e l e a s e "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  0
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#  P R O P  B A S E  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  O u t p u t _ D i r  " a n y b a s e  W i n 3 2 _ R e l e a s e "
#  P R O P  l n t e r m e d i a t e _ D i r  " a n y b a s e  W i n 3 2 _ R e l e a s e "
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3  2 "  / D  " N D E B U G "  / D  ” _ C O N S O L E "  / D  
" _ M B C S "  / Y X  / F D  / c
#  A D D  C P P  / n o l o g o  / W 3  / G X  / 0 2  / O b 2  / D  " W I N 3  2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " N D E B U G "
#  A D D  R S C  / I  0 x 4 0 9  / d  " N D E B U G "
B S  C 3  2  = b s  c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N O 2 = 1  i n k .  e x e
#  A D D  B A S E  L I N O 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
#  A D D  L I N O 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
! E L S E I F  " $ ( C F G ) "  = =  " a n y b a s e  -  W i n 3 2  D e b u g "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  B A S E  O u t p u t _ D i r  " a n y b a s e _W i n 3  2 _ D e b u g "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " a n y b a s e _________ W i n 3 2 _ D e b u g "
#  P R O P  B A S E  T a r g e t _ D i r
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  O u t p u t _ D i r  " a n y b a s e  W i n 3 2 _ D e b u g "
#  P R O P  I n t e r m e d i a t e _ D i r  " a n y b a s e  W i n 3 2 _ D e b u g "
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  
/ D  " _ M B C S "  / Y X  / F D  / G Z  / c
#  A D D  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / G Z  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " _ D E B U G "
#  A D D  R S C  / I  0 x 4 0  9  / d  " _ D E B U G "
B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3 2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b
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a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . l i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
! E N D I F
#  B e g i n  T a r g e t
#  N a m e  " a n y b a s e  -  W i n 3 2  R e l e a s e "
#  N a m e  " a n y b a s e  -  W i n 3 2  D e b u g "
#  B e g i n  G r o u p  " S o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " c p p ; c ; c x x ; r c ; d e f ; r ; o d l ; i d l ; h p j ; b a t "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ a n y b a s e . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ a r g s . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i b r u t e . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i n e a r . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i q u i c k . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - s i n g l e . c"
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ f u n . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ g l o b a l . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ i o . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ l i s t . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ m e t h - b r u t e . c"
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
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S O U R C E = " . \ m e t h - n r o o t . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m e t h o d s . c
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " H e a d e r  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " h ; h p p ; h x x ; h m ; i n i "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ g l o b a l . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m e t h o d s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ s t r u c t s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ t i m e v a l . h
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " R e s o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " i c o ; c u r ; b m p ; d i g ; r c 2 ; r e t ; b i n ; r g s ; g i f ; j p g ; j p e g ; j p e "
#  E n d  G r o u p
#  E n d  T a r g e t
#  E n d  P r o j e c t
A.l.6.5 maketable.dsp (maketable Visual C++ Project File)
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  P r o j e c t  F i l e  -  N a m e = " m a k e t a b l e "  -  P a c k a g e  0 w n e r = < 4 >
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  G e n e r a t e d  B u i l d  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0
#  * *  D O  N O T  E D I T  * *
#  T A R G T Y P E  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  0 x 0 1 0 3  
C F G = m a k e t a b l e  -  W i n 3 2  D e b u g
I M E S S A G E  T h i s  i s  n o t  a  v a l i d  m a k e f i l e .  T o  b u i l d  t h i s  p r o j e c t  u s i n g  N M A K E ,
I M E S S A G E  u s e  t h e  E x p o r t  M a k e f i l e  c o m m a n d  a n d  r u n
I M E S S A G E
I M E S S A G E  N M A K E  / f  " m a k e t a b l e . m a k " .
I M E S S A G E
I M E S S A G E  Y o u  c a n  s p e c i f y  a  c o n f i g u r a t i o n  w h e n  r u n n i n g  N M A K E  
I M E S S A G E  b y  d e f i n i n g  t h e  m a c r o  C F G  o n  t h e  c o m m a n d  l i n e .  F o r  e x a m p l e :
I M E S S A G E
I M E S S A G E  N M A K E  / f  " m a k e t a b l e . m a k "  C F G = " m a k e t a b l e  -  W i n 3 2  D e b u g "
I M E S S A G E
I M E S S A G E  P o s s i b l e  c h o i c e s  f o r  c o n f i g u r a t i o n  a r e :
I M E S S A G E
I M E S S A G E  " m a k e t a b l e  -  W i n 3 2  R e l e a s e "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e
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A p p l i c a t i o n " )
I M E S S A G E  " m a k e t a b l e  -  W i n 3 2  D e b u g "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )
I M E S S A G E
#  B e g i n  P r o j e c t
#  P R O P  A l l o w P e r C o n f i g D e p e n d e n c i e s  0
#  P R O P  S c c _ P r o j N a m e  " "
#  P R O P  S c c _ L o c a l P a t h  " "
C P P = c l . e x e
R S C = r c . e x e
I I F  " $ ( C F G ) "  = =  " m a k e t a b l e  -  W i n 3 2  R e l e a s e "
#  P R O P  B A S E  U s e J V I F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  B A S E  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  O u t p u t _ D i r  " m a k e t a b l e ______ W i n 3 2 _ R e l e a s e "
#  P R O P  I n t e r m e d i a t e _ D i r  " m a k e t a b l e  W i n 3 2 _ R e l e a s e "
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / Y X  / F D  / c
#  A D D  C P P  / n o l o g o  / W 3  / G X  / 0 2  / 0 b 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4 0 9  / d  " N D E B U G "
#  A D D  R S C  / I  0 x 4  0  9  / d  " N D E B U G "
B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3  8 6
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
I E L S E I F  " $ ( C F G ) "  = =  " m a k e t a b l e  -  W i n 3 2  D e b u g "
# P R O P B A S E  U s e _ M F C  0
# P R O P B A S E  U s e _ D e b u g _ L i b r a r i e s  1
# P R O P B A S E  O u t p u t  D i r  " D e b u g "
# P R O P B A S E  I n t e r m e d i a t e  D i r  " D e b u g "
# P R O P B A S E  T a r g e t _ D i r  " "
# P R O P U s e _ M F C  0
# P R O P U s e _ D e b u g _ L i b r a r i e s  1
# P R O P O u t p u t _ D i r  " m a k e t a b l e  W i n 3 2 _ D e b u g "
# P R O P I n t e r m e d i a t e  D i r  " m a k e t a b l e _ W i n 3 2 _ D e b u g "
# P R O P T a r g e t _ D i r  " "
# A D D  B A S E  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d / D  " W I N 3  2
/ D _ M B C S " / Y X  / F D  / G Z  / c
/ D  "  D E B U G "  / D  "  C O N S O L E "
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#  A D D  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / G Z  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4 0 9  / d  " _ D E B U G "
#  A D D  R S C  / I  0 x 4  0  9  / d  " _ D E B U G "
B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o  
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3  8 6  / p d b t y p e : s e p t
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3  8 6  / p d b t y p e : s e p t
! E N D I F
#  B e g i n  T a r g e t
#  N a m e  " m a k e t a b l e  -  W i n 3 2  R e l e a s e "
#  N a m e  " m a k e t a b l e  -  W i n 3 2  D e b u g "
#  B e g i n  G r o u p  " S o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " c p p ; c , - c x x ; r c ; d e f ; r ; o d l ; i d l ; h p j  ; b a t "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ a r g s . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S 0 U R C E = " . \ e r r - m u l t i b r u t e . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i n e a r . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - m u l t i q u i c k . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ e r r - s i n g l e . c "
#  E n d  S o u r c e  F i l e
# B e g i n  S o u r c e  F i l e
S O U R C E = . \ f u n . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ g l o b a l . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
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S O U R C E = . \ i o . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ l i s t . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a k e t a b l e . c
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ m e t h - b r u t e . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = " . \ m e t h - n r o o t . c "
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m e t h o d s . c
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " H e a d e r  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " h ; h p p , - h x x ; h m ;  i n i "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ g l o b a l . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m e t h o d s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ s t r u c t s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ t i m e v a l . h
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " R e s o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " i c o ; c u r ; b m p ; d l g ; r c 2 ; r c t ; b i n ; r g s ; g i f ; j p g ; j p e g ; j p e "
#  E n d  G r o u p
#  E n d  T a r g e t
#  E n d  P r o j e c t
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A.2 Addition/Subtraction/Reduction Table Generator
During the development o f the addition/subtraction/reduction table generator, it was found 
that using an object oriented language (i.e., C++) would simplify code development and 
the storage of the data structures. Initial code used multiple objects to try to optimize the 
tables, however, it has now been consolidated into a single object. The performance of the 
software will be slightly slower than that if  it were written in standard C, but it is easily 
expandable for future operations.
This code is designed to run by default on a Sparc (under Sun Solaris 2.x) processor, but 
special conditional compiler code has been implemented to also make it run on an Intel 
x8 6  (under Windows NT/2000/XP) processor. This code is 32-bit and IS NOT 64-bit safe. 
Direct floating point and integer manipulation is done to increase overall performance. A 
64-bit implementation is not necessary since the code is not memory intensive.
A.2.1 Addsubreduce
Many possible operations (i.e., addition/subtracti on tables, reduction tables), which are 
dictated by command line switches, have been implemented into a single program. The 
software requires only two arguments: the base (or optimal base output file containing the 
base) and the number o f bits to hold the second base exponent (not a range).
1. For addition/subtraction table generation use: 
a d d s u b r e d u c e  b a s e , f i l e  b i t s  - a s  i b i t s  [ o t h e r s ]
2. For a two table binary to MDLNS reduction use: 
a d d s u b r e d u c e  b a s e , f i l e  b i t s  -bm 2  [ o t h e r s ]
3. For a three table binary to MDLNS reduction use: 
a d d s u b r e d u c e  b a s e , f i l e  b i t s  -bm3 [ o t h e r s ]
4. For a two table MDLNS to binary reduction (any divisor) use: 
a d d s u b r e d u c e  b a s e , f i l e  b i t s  -m b l [ o t h e r s ]
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5. For a two table MDLNS to binary reduction (power of 2 divisor) use: 
a d d s u b r e d u c e  b a s e ,  f i l e  b i t s  -tnb2 [ o t h e r s ]
Argument Definition
b a s e , f i l e ASCII base or Optimal base output fde
b i t s Second base index bits (R ) 
For two bit sign mode: (-2^, 2R ] 
For one bit sign mode: [-2*, 2R ]
i b i t s Extra internal bits for increased addition/subtracti on 
accuracy (follows - a s  switch)
The “other” common command line arguments are:
Other Argument Definition
- z Two bit mode (i.e., 01 for positive, 11 for 
negative, 0 0 for zero)
-n z One bit sign (i.e., 0 for positive, 1 for negative, 
lowest secondbase index for zero)
- f p  n Number of bits (n) to use to output floating point 
mantissas in integer for (e.g., 10 bits represents 1 
as 512)
-PP Prefix path for output files in Bourne Shell 
scripts (e.g., “/tmp”)
- p s Suffix path for output files in Bourne Shell 
scripts (e.g., “.pid”)
- r t Number of time to retry when minimizing tables; 
first value of “ m ” may not always be the best
- s s Smart search for “m find better choices for 
“m ” quicker than a simple linear search
-n v Disable verification o f addition and subtraction 
tables; speeds up table generation
A.2.1.1 main.cpp
/ * $ 6
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
m a i n  c o d e  f o r  i n v o k i n g  " m a p "  c l a s s  f r o m  c o m m a n d  l i n e  t h i s  c o d e  
g e n e r a t e s :  a d d i t i o n / s u b t r a c t i o n  t a b l e s ,  t w o  t a b l e  b i n a r y  t o  M D L N S  
r e d u c t i o n ,  t h r e e  t a b l e  b i n a r y  t o  M D L N S  r e d u c t i o n ,  t w o  t a b l e  M D L N S  t o
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b i n a r y  r e d u c t i o n  ( a n y  d i v i s o r ) ,  t w o  t a b l e  M D L N S  t o  b i n a r y  r e d u c t i o n  
( p o w e r  o f  2  d i v i s o r )  
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
*/
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  " m a p . h "
/ *  s e t  d e b u g  l e v e l  t o  0  * /  
i n t  d e b u g  =  0 ;
/ *  n u m b e r  o f  " a n y t h i n g "  i n p u t s  * /
# d e f i n e  h o w m a n y i n p u t s  2
/ *  n u m b e r  o f  n u m e r i c a l  s w i t c h e s  * /
# d e f i n e  h o w m a n y f l a g s  7
/ *  n u m b e r  o f  a s c i i  s w i t c h e s  * /
# d e f i n e  h o w m a n y a s c i i  2
/*
d i s p l a y  u s a g e  w h e n  a r g u m e n t s  a r e  i n c o r r e c t
*/
v o i d  u s a g e (  c h a r  * a r g v [ ]  )
{
/ *  p r i n t  c o m m a n d  c o d e  a n d  p a s s e d  u s a g e  * /
f p r i n t f (  s t d e r r ,  " U s a g e :  % s  % s \ n " ,  a r g v [ 0 ] ,  " b a s e , f i l e  b i t s "  ) ;
/ *  p r i n t  a r g u m e n t s  * /
f p r i n t f (  s t d e r r ,  " b a s e , f i l e \ t = \ t b a s e  o f  o p t i m a l  b a s e  o u t p u t  f i l e \ n "  ) ;  
f p r i n t f (  s t d e r r ,  " b i t s \ t = \ t n u m b e r  o f  i n d e x  b i t s \ n "  ) ;
/ *  p r i n t  s w i t c h e s  * /  
f p r i n t f  
(
s t d e r r ,
" - a s  n \ t = \ t g e n e r a t e  a d d i t i o n / s u b t r a c t i o n  t a b l e  s c r i p t  ( n  e x t r a  b i t s  
i n t e r n a l l y ) \ n "
) ;
f p r i n t f
(
s t d e r r ,
" - b m 2 \ t = \ t g e n e r a t e  b i n a r y  t o  M D L N S  c o n v e r s i o n  r e d u c t i o n  t a b l e  s c r i p t  ( 2  
t a b l e s ) \ n "
) ;
f p r i n t f
(
s t d e r r ,
" - b m 3 \ t = \ t g e n e r a t e  b i n a r y  t o  M D L N S  c o n v e r s i o n  r e d u c t i o n  t a b l e  s c r i p t  ( 3  
t a b l e s ) \ n "
) ;
f p r i n t f
(
s t d e r r ,
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" - m b l \ t = \ t g e n e r a t e  M D L N S  t o  b i n a r y  c o n v e r s i o n  r e d u c t i o n  t a b l e  s c r i p t  ( a n y  
d i v i s o r ) \ n "
) ;
f p r i n t f
(
s t d e r r ,
" - m b 2 \ t = \ t g e n e r a t e  M D L N S  t o  b i n a r y  c o n v e r s i o n  r e d u c t i o n  t a b l e  s c r i p t  ( p o w e r  
o f  2  d i v i s o r ) \ n "
) ;
f p r i n t f (  s t d e r r ,  " - z \ t = \ t z e r o  b i t  m o d e  ( d e f a u l t ) \ n "  ) ;
f p r i n t f (  s t d e r r ,  " - n z \ t = \ t n o  z e r o  b i t  m o d e \ n "  )  ;
f p r i n t f  
(
s t d e r r ,
" - f p \ t = \ t n u m b e r  o f  b i t s  f o r  f i x e d  p o i n t  o u t p u t  ( d e f a u l t  1 0 ) \ n "
) ;
f p r i n t f (  s t d e r r ,  " - p p \ t = \ t p r e f i x  p a t h  f o r  o u t p u t s  i n  s c r i p t \ n "  ) ;
f p r i n t f (  s t d e r r ,  " - p s \ t = \ t s u f f i x  p a t h  f o r  o u t p u t s  i n  s c r i p t \ n "  ) ;
f p r i n t f  
(
s t d e r r ,
" - r t \ t = \ t r e t r i e s  w h e n  s e a r c h i n g  f o r  ' m '  ( d e f a u l t  1 0 ) \ n "
) ;
f p r i n t f
(
s t d e r r ,
" - s s \ t = \ t u s e  s m a r t  ’ m '  s e a r c h  ( d e f a u l t  i s  l i n e a r  s e a r c h ) \ n "
) ;
f p r i n t f
(
s t d e r r ,
" - n v \ t = \ t n o  a d d i t i o n / s u b t r a c t i o n  t a b l e  v e r i f i c a t i o n  ( d e f a u l t  t o  v e r i f y ) \ n "
) ;
/ *  e x i t  a b n o r m a l l y  * /  
e x i t  (  1  ) ;
}
/*
p r o c e s s e s  t h e  c o m m m a n d  l i n e  a r g u m e n t s  b y  p a s s i n g  n o n - s w i t c h e s  i n t o  a  
g l o b a l  v a r i a b l e
a r g c  a n d  a r g v  a r e  p a s s e d  f r o m  t h e  c o m m a n d  l i n e  r e q a r g s  i s  t h e  n u m b e r  o f  
a r g u m e n t s  t h a t  t h e  c u r r e n t  a p p l i c a t i o n  n e e d s  r e g a r g v  i s  w h a t  i s  p r i n t e d  
w h e n  t h e  a r g u m e n t s  a r e n ' t  c o r r e c t
*/
i n t  p r o c a r g s  
(
i n t  a r g c ,
c h a r  * a r g v [ ] ,
c h a r  * i n p u t s [ ] ,
i n t  f l a g s [ h o w m a n y f l a g s ] ,




i n t  i  ;
i n t  n u m i n p u t s  =  0 ;
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/*  */
/ *  s t a r t  p r o c e s s i n g  t h e  a r g u m e n t s  a t  a r g v  1  * /  
i  =  l ;
w h i l e (  i  <  a r g c  )
{
/ *  c h e c k  f o r  d e b u g  m o d e  w h i c h  i s  u n d o c u m e n t e d  * /  
i f (  ! s t r c m p (  a r g v [ i ] ,  " - d "  )  )
{
/ *  s e t  d e b u g  v a r i a b l e  * /  
d e b u g + + ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  * /  
i + +  ;
}
/ *  c h e c k  f o r  " z e r o  b i t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - z "  )  )
{
/ *  s e t  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 0 ]  =  1 ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  * /  
i + +  ;
}
/ *  c h e c k  f o r  " n o n - z e r o  b i t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v f i ] ,  " - n z ”  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 0 ]  =  0 ;
i + + ;
}
/ *  c h e c k  f o r  " s m a r t  s e a r c h  m o d e "  * /  
e l s e
i f  (  ! s t r c m p (  a r g v [ i ] ,  " - s s "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s [ 5 ]  =  1 ;
i  +  + ;
}
/ *  c h e c k  f o r  " n o  v e r i f y  m o d e "  * /  
e l s e
i f  (  ! s t r c m p (  a r g v [ i ] ,  " - n v "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 6 ]  =  1 ;
i + + ;
}
/ *  c h e c k  f o r  " f i x e d  p o i n t  b i t s "  * /  
e l s e
i f (  ! s t r c m p (  a r g v f i ] ,  " - f p "  )  )
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{
i  +  +  ;
i f  (  i  > =  a r g c  )
{
u s a g e (  a r g v  ) ;
}
f l a g s  [ 3 ]  =  a b s  (  a t o i (  a r g v f i ]  )  ) ;
i + + ;
}
/ *  c h e c k  f o r  " p a t h  p r e f i x "  * /  
e l s e
i f  (  ! s t r c m p (  a r g v [ i ] ,  " - p p "  )  )
{
i  +  +  ;
i f  (  i  > =  a r g c  )
{
u s a g e  (  a r g v  )  ;
}
a s c i i  [ 0 3  =  a r g v [ i ] ;  
i + + ;
}
/ *  c h e c k  f o r  " p a t h  s u f f i x "  * /  
e l s e
i f (  ! s t r c m p (  a r g v f i ] ,  " - p s "  )  )
{
i + + ;
i f (  i  > =  a r g c  )
{
u s a g e (  a r g v  ) ;
}
a s c i i  [ 1 ]  =  a r g v f i ] ;
i + + ;
}
/ *  c h e c k  f o r  " r e t r i e s "  * /  
e l s e
i f  (  ! s t r c m p (  a r g v f i ] ,  " - r t "  )  )
{
i  +  + ;
i f  ( i  > =  a r g c  )
{
u s a g e (  a r g v  ) ;
}
f l a g s  [ 4 ]  =  a b s  (  a t o i (  a r g v f i ]  )  ) ;  
i + +  ;
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}
/ *  c h e c k  f o r  " a d d i t i o n / s u b t r a c t i o n  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - a s "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 1 ]  =  0 ;
i + +  ;
i f (  i  > =  a r g c  )
{
u s a g e (  a r g v  ) ;
}
f l a g s  [ 2 ]  =  a b s (  a t o i (  a r g v f i ]  )  ) ;  
i + + ;
}
/ *  c h e c k  f o r  " b i n a r y  t o  M D L N S  t a b l e  r e d u c t i o n  m o d e  2  l e v e l "  * /  
e l s e
i f f  ! s t r c m p (  a r g v f i ] ,  " - b m 2 "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 1 ]  =  1 ;
i + + ;
}
/ *  c h e c k  f o r  " b i n a r y  t o  M D L N S  t a b l e  r e d u c t i o n  m o d e  3  l e v e l "  * /  
e l s e
i f (  ! s t r c m p (  a r g v f i ] ,  " - b m 3 "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 1 ]  =  2 ;
i + + ;
}
/ *  c h e c k  f o r  " M D L N S  t o  b i n a r y  t a b l e  r e d u c t i o n  m o d e  1 "  * /  
e l s e
i f ( ! s t r c m p (  a r g v f i ] ,  " - m b l "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 1 ]  =  3 ;
i + +  ;
}
/ *  c h e c k  f o r  " M D L N S  t o  b i n a r y  t a b l e  r e d u c t i o n  m o d e  2 "  * /  
e l s e
i f (  ! s t r c m p (  a r g v f i ] ,  " - m b 2 "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
f l a g s  [ 1 ]  =  4 ;
i +  + ;
}
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/ *  n o  o t h e r  a r g u m e n t s  h e r e ,  s t a r t  t o  s t o r e  t h e m  f o r  t h e  a p p l i c a t i o n  * /  
e l s e  
{
/ *  c h e c k  t o  s e e  i f  t h e r e  a r e  t o o  m a n y  i n p u t s  * /  
i f (  n u m i n p u t s  > =  h o w m a n y i n p u t s  )
{
/ *  b a i l  o u t  t o  u s a g e ,  e x i t s  p r o g r a m  * /  
u s a g e ( a r g v  ) ;
}
/ *  n o ,  s t o r e  i t  f o r  t h e  a p p l i c a t i o n  * /  
i n p u t s [ n u m i n p u t s + + ]  =  a r g v [ i ] ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  r e g a r d l e s s  * /  
i + +  ;
}
}
i f (  n u m i n p u t s  ! =  h o w m a n y i n p u t s  )
{
/ *  b a i l  o u t  t o  u s a g e ,  e x i t s  p r o g r a m  * /  
u s a g e  (  a r g v  ) ;
}
/ *  e x i t  * /  
r e t u r n  0 ;
}
/ *  M a g i c  n u m b e r  f o r  o p t i m a l  b a s e  o u t p u t  * /  
t t d e f i n e  m a g i c o u t  0 x 4 f 4 2 4 f 3 1
/*
S w a p  t h e  o r d e r  o f  a  I E E E  d o u b l e
* /
v o i d  s w a p d o u b l e (  d o u b l e  * x  )
{
/ * ----------------------------------------------------------------------------------- * /
d o u b l e  z  =  * x ;
u n s i g n e d  c h a r  * a  =  (  u n s i g n e d  c h a r  *  )  x ;
u n s i g n e d  c h a r  * b  =  (  u n s i g n e d  c h a r  *  )  & z ;
/ * ----------------------------------------------------------------------------------- * /
a  [ 0 ] =  b  [ 7 ]
a  [ 1 ] =  b  [ 6 ]
a  [ 2 ] =  b  [ 5 ]
a  [ 3 ] =  b  [ 4 ]
a  [ 4 ] =  b  [ 3 ]
a  [ 5 ] =  b  [ 2 ]
a  [ 6 ] =  b  [ 1 ]
a  [ 7 ] =  b  [ 0 ]
r e t u r n ;
}
/ *
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S w a p  t h e  o r d e r  o f  a  3 2  b i t  i n t e g e r
* /
v o i d  s w a p i n t ( u n s i g n e d  l o n g  * x  )
{
/ * ----------------------------------------------------------------------------------- * /
u n s i g n e d  l o n g  z  =  * x ;
u n s i g n e d  c h a r  * a  =  (  u n s i g n e d  c h a r  *  )  x ;
u n s i g n e d  c h a r  * b  =  (  u n s i g n e d  c h a r  *  )  & z ;
/ * ----------------------------------------------------------------------------------- * /
a  [ 0 ]  =  b  [ 3 ]  ;  
a  [ 1 ]  =  b  [ 2 ]  ;  
a  [ 2 ]  =  b  [ 1 ]  ;  
a  [ 3 ]  =  b  [ 0 ]  ;
r e t u r n
}
/ *
r e a d o u t p u t d a t a  r e a d s  a n  o u t p u t  f i l e  g e n e r a t e  b y  t h e  o p t i m a l  b a s e  
s o f t w a r e  t o  f i n d  t h e  o p t i m a l  b a s e
* /
i n t  r e a d o u t p u t d a t a (  c h a r  * f i l e n a m e ,  d o u b l e  * t h e b a s e  ) 
{
/ * ----------------------------------------- * /
i n t  i ;
i n t  s w a p m o d e ;
d o u b l e  t m p ;
F I L E  * f i n ;
u n s i g n e d  l o n g  m a g i c ;
/ * ----------------------------------------- * /
/ *  o p e n  t h e  f i l e  * /
f i n  =  f o p e n (  f i l e n a m e ,  " r b "  ) ;
/ *  b a i l  i f  e r r o r  * /  
i f (  ! f i n  )
{
r e t u r n  3 ;
}
/ *  r e a d  m a g i c  n u m b e r  * /
i f (  f r e a d (  & m a g i c ,  s i z e o f ( m a g i c ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  c h e c k  e n d i a n  m o d e  * /  
i f (  m a g i c  = =  m a g i c o u t  )
{
s w a p m o d e  =  0 ;
}
e l s e
{
s w a p i n t (  & m a g i c  ) ;
i f (  m a g i c  = =  m a g i c o u t  )
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{
s w a p m o d e  =  1 ;
}
/ *  i f  n o  e n d i a n  o f  m a g i c  n u m b e r  m a t c h e s  b a i l  * /  
e l s e  
{
r e t u r n  3 ;
}
}
/ *  g o  t o  t h e  e n d  * /  
f s e e k (  f i n ,  0 ,  S E E K _ E N D  ) ;
i  =  f t e l l  (  f i n  )  -  s i z e o f (  m a g i c  ) ;
/ *  m a k e  s u r e  t h e  f i l e  i s  v a l i d  * /  
i f  (  i  %  s i z e o f ( t m p )  ! =  0  )
{
r e t u r n  2 ;
}
/ *  g o  t o  t h e  b a s e  s e c t i o n  * /
i  =  i  -  s i z e o f (  t m p  )  *  2  +  s i z e o f (  m a g i c  ) ;  
f s e e k ( f i n ,  i ,  S E E K J 3 E T  ) ;
/ *  r e a d  i n  a  v a l u e  * /
i f (  f r e a d (  & t m p ,  s i z e o f ( t m p ) ,  1 ,  f i n  )  ! =  1  )
{
f c l o s e (  f i n  ) ;  
r e t u r n  3 ;
}
/ *  s w a p  w o r d s  i n  d o u b l e  i f  n e c e s s a r y  * /  
i f  (  s w a p m o d e  )
{
s w a p d o u b l e (  & t m p  ) ;
}
/ *  s e t  t h e  b a s e  * /
* t h e b a s e  =  t m p ;
/ *  c l o s e  t h e  f i l e  * /  
f c l o s e (  f i n  ) ;
/ *  e x i t  * /  
r e t u r n  0 ;
}
m a i n  p r o g r a m
* /
i n t  m a i n (  i n t  a r g c ,  c h a r  * a r g v [ ]  ) 
{
/ *  * /
m a p  * m l ;
i n t  i ;
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i n t  b i t s ;
d o u b l e  o t h e r b a s e ;
i n t  f l a g s [ h o w m a n y f l a g s ] ;
c h a r  * i n p u t s [ h o w m a n y i n p u t s ] ;
c h a r  * a s c i i [ h o w m a n y a s c i i ] ;
/*--------------------------------------- */
/ *  s e t  u p  i n i t i a l  v a l u e s  * /
f l a g s [ 0 ]  =  1 ; / * t w o b i t  m o d e  * /
f l a g s [ 1 ]  =  - 1 ; / * m o d e  * /
f l a g s  [ 2 ]  =  0 ; / * e x t r a  b i t s  f o r  a d d s u b  * /
f l a g s [ 3 ]  =  1 0 ; / * n u m b e r  o f  b i t s  f o r  f i x e d  p o i n t  o u t p u t  * /
f l a g s  [ 4 ]  =  1 0 ; / * n u m b e r  o f  r e t r i e s  w h e n  s e a r c h i n g  f o r  b e s t  ' m '  * /
f l a g s [ 5 ]  =  0 ; / * s m a r t  s e a r c h  o f f  * /
f l a g s [ 6 ]  =  0 ; / * v e r i f y  m o d e  o n  * /
/ *  s e t  i n p u t  p o i n t e r s  t o  z e r o  * /  
f o r t  i  =  0 ;  i  <  h o w m a n y i n p u t s ;  i + +  )
{
i n p u t s [ i ]  =  N U L L ;
}
/ *  s e t  a s c i i  p o i n t e r s  t o  z e r o  * /  
f o r t  i  =  0 ;  i  <  h o w m a n y a s c i i ;  i + +  >
{
a s c i i  [ i ]  =  N U L L ;
}
/ *  p r o c e s s  t h e  c o m m a n d  l i n e  a r g u m e n t s  * /  
p r o c a r g s ( a r g c ,  a r g v ,  i n p u t s ,  f l a g s ,  a s c i i  ) ;
/ *  c h e c k  t o  s e e  i f  b a s e  i s  a  v a l i d  f i l e  * /
i f (  i  =  r e a d o u t p u t d a t a (  i n p u t s [ 0 ] ,  & o t h e r b a s e  )  )
{
/ *  n o t  a  f i l e ,  c o n v e r t  i t  t o  a  f l o a t i n g  p o i n t  v a l u e  * /  
o t h e r b a s e  =  a t o f (  i n p u t s [ 0 ]  ) ;
/ *  i f  n o t  o n e  o f  t h o s e ,  e x i t  * /
i f (  o t h e r b a s e  < =  0  )
{
r e t u r n  i ;
}
}
/ *  g e t  t h e  n u m b e r  o f  e x t e r n a l  b i t s  * /  
b i t s  =  a b s (  a t o i (  i n p u t s  [ 1 ]  )  ) ;
/ *  c r e a t e  t h e  t a b l e  * /
m l  =  n e w  m a p (  o t h e r b a s e ,  b i t s ,  b i t s  +  f l a g s  [ 2 ] ,  f l a g s  [ 0 ]  ) ;
/ *  s e t  t h e  p a r a m e t e r s  * /  
m l - > s e t p a r a m s  
(
a s c i i  [ 0 ] ,  
a s c i i  [ 1 ] ,  
f l a g s  [ 3 ] ,  
f l a g s  [ 4 ]  ,  
f l a g s  [ 5 ] ,  
f l a g s  [ 6 ]
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) ;
/ *  p e r f o r m  o p e r a t i o n  b a s e d  o n  s w i t c h e s  * /  
s w i t c h ( f l a g s  [ 1 ]  )
{
/ *  a d d s u b  t a b l e  * /  
c a s e  0 :
/ *  f i n d  t h e  b e s t  " m "  a n d  g e n e r a t e  t h e  t a b l e s  * /  
m l - > f i n d a d d ( ) ;
/ *  o u t p u t  t h e  e x p  t o  s b d  t a b l e  * /  
m l - > p r i n t e x p t o s b d ( ) ;
/ *  o u t p u t  t h e  s b d  t o  e x p  t a b l e  * /  
m l - > p r i n t s b d r a l u t ( ) ;
/ *  o u t p u t  t h e  v e r i l o g  p a r a m e t e r s  * /  
m l - > p r i n t v e r i l o g a d d s u b p a r a m s  0 ;
/ *  o u t p u t  t h e  s b d  t o  s a n d  s b d  t a b l e  * /  
m l - > p r i n t s b d t o s a n e s b d ( ) ;
b r e a k ;
/ *  m a k e  t h e  b i n a r y  t o  M D L N S  r e d u c t i o n  t a b l e  ( 2  t a b l e s )  * /  
c a s e  1 :
/ *  f i n d  t h e  b e s t  " m "  a n d  m a k e  t h e  t a b l e  * /  
m l - > f i n d b e s t r e d u c t i o n (  0  ) ;
/ *  p r i n t  i t  o u t  f o r  d e b u g g i n g  p u r p o s e s  * /  
i f (  d e b u g  )
{
m l - > p r i n t ( ) ;
}
/ *  r e m o v e  a n y  e m p t y  l i n e s  * /  
m l - > r e m o v e e m p t y l i n e s ( ) ;
/ *  p r i n t  i t  o u t  a g a i n  f o r  d e b u g g i n g  p u r p o s e s  * /  
i f (  d e b u g  )
{
m l - > p r i n t ( ) ;
}
/ *  o u t p u t  t h e  t a b l e  d a t a  * /  
m l - > p r i n t b t o m f a c t o r s ( ) ;
/ *  o u t p u t  t h e  v e r i l o g  p a r a m e t e r s  * /  
m l - > p r i n t v e r i l o g b t o m r e d u c e p a r a m s ( ) ;
b r e a k ;
/ *  m a k e  t h e  b i n a r y  t o  M D L N S  r e d u c t i o n  t a b l e  ( 3  t a b l e s )  * /  
c a s e  2 :
/*
*  f i n d  t h e  b e s t  " m "  a n d  g e n e r a t e  a n d  p r i n t  d a t a
*  t h i s  i s  a  l o n g e r  p r o c e s s  s o  i t  i s  d o n e  i n  o n e  s t e p  
*/
m l - > f i n d b e s t r e d u c t i o n (  3  ) ;
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b r e a k ;
/ *  m a k e  t h e  M D L N S  t o  b i n a r y  r e d u c t i o n  t a b l e  ( a n y  d i v i s o r )  * /  
c a s e  3 :
/ *  f i n d  t h e  b e s t  " m "  a n d  m a k e  t h e  t a b l e  * /  
m l - > f i n d b e s t r e d u c t i o n (  1  ) ;
/ *  p r i n t  i t  o u t  f o r  d e b u g g i n g  p u r p o s e s  * /  
i f (  d e b u g  )
{
m l - > p r i n t  0 ;
}
/ *  r e m o v e  a n y  e m p t y  l i n e s  * /  
m l - > r e m o v e e m p t y l i n e s ( ) ;
/ *  p r i n t  i t  o u t  a g a i n  f o r  d e b u g g i n g  p u r p o s e s  * /  
i f (  d e b u g  )
{
m l - > p r i n t ( ) ;
}
/ *  p r i n t  o u t  t h e  t a b l e  * /  
m l - > p r i n t r e d u c t i o n t a b l e ( ) ;
/ *  p r i n t  o u t  t h e  v e r i l o g  p a r a m e t e r s  * /  
m l - > p r i n t v e r i l o g m t o b r e d u c e p a r a m s ( ) ;
b r e a k ;
/ *  m a k e  t h e  M D L N S  t o  b i n a r y  r e d u c t i o n  t a b l e  ( p o w e r  o f  2  d i v i s o r )  * /  
c a s e  4 :
/ *  f i n d  t h e  b e s t  " m "  a n d  m a k e  t h e  t a b l e  * /  
m l - > f i n d b e s t r e d u c t i o n (  2  ) ;
/ *  p r i n t  i t  o u t  f o r  d e b u g g i n g  p u r p o s e s  * /  
i f (  d e b u g  )
{
m l - > p r i n t  ( )  ;
}
/ *  r e m o v e  a n y  e m p t y  l i n e s  * /  
m l - > r e m o v e e m p t y l i n e s ( ) ;
/ *  p r i n t  i t  o u t  a g a i n  f o r  d e b u g g i n g  p u r p o s e s  * /  
i f (  d e b u g  )
{
m l - > p r i n t ( ) ;
}
/ *  p r i n t  o u t  t h e  t a b l e  * /  
m l - > p r i n t r e d u c t i o n t a b l e ( ) ;
/ *  p r i n t  o u t  t h e  v e r i l o g  p a r a m e t e r s  * /  
m l - > p r i n t v e r i l o g m t o b r e d u c e p a r a m s ( ) ;
b r e a k ;
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d e f a u l t : 
b r e a k ;
}
/ *  d e l e t e  t h e  o b j e c t  * /  
d e l e t e  m l  ;
/ *  e x i t  * /  




m a p . h :  i n t e r f a c e  f o r  t h e  m a p  c l a s s .
*/
t y p e d e f  s t r u c t  _ t a b l e  
{
d o u b l e v ; / * T h e  r e a l  v a l u e  * /
i n t e 2 ,  e n ; / * T h e  i n d e x  v a l u e s  * /
i n t r e v ; / * R e v e r s e  r e f e r e n c e  t o t h e S B D  v a l u e  * /
i n t i s ,  i e ; / * T h e  a l l o w a n c e s  a b o v e a n d b e l o w  t o  t h e
★ v a l u e s  * /
}  t a b l e ;
t y p e d e f  s t r u c t  _ i d x t a b l e  
{
d o u b l e  v ;  / *  T h e  r e a l  v a l u e  * /
i n t  r e v ;  / *  R e v e r s e  r e f e r e n c e  t o  t h e  s e q u e n c e  v a l u e  * /
d o u b l e  c h a n g e s ;  / *  T h e  a m o u n t  t h i s  v a l u e  h a s  c h a n g e d  * /
}  i d x t a b l e ;
t y p e d e f  s t r u c t  _ r e d u c e r o w  
{
i n t l o w e r ; / * T h e q u o t i e n t  * /
i n t u p p e r ; / * T h e r e m a i n d e r  * /
i n t c o l u m n ; / * T h e c o l u m n  * /
i n t r o w ; / * T h e r o w  * /
i n t e 2  ; / * T h e p o w e r  o f  2  * /
}  r e d u c e r o w ;
t y p e d e f  s t r u c t  
{
i n t  a d j ;  
i n t  l o w ,  h i g h ;  
i n t  f i x ;
}  a s t a b ;
t y p e d e f  s t r u c t  _ r a l u t  
{
i n t  i n ,  o u t ;  / *  I n p u t  a n d  O u t p u t  * /
}  r a l u t ;
c l a s s  m a p  
{
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/ *  T h e  a d j u s t m e n t  f a c t o r  f o r  t h e  a d d i t i o n / s u b t r a c t i o n  * /  
/ *  T h e  r e l a t i v e  a d j u s t m e n t s  * /
/ *  T h e  f i x i n g  v a l u e  * /
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/*
p u b l i c :
d o u b l e b a s e ; / *
i n t z e r o m o d e ; / *
i n t b i t s  ; / *
*
i n t l i m ; / *
*
i n t l i m l o w ; / *
i n t l i m h i g h ; / *
i n t a r r a y o f f ; / *
•fe
i n t b i t s 2 ; / *
*
i n t l i m 2  ; / *
*
i n t l i m l o w 2 ; / *
i n t l i m h i g h 2 ; / *
i n t a r r a y o f f 2 ; / *
*
i n t m a x o p t i o n s ; / *
*
i n t n u m o p t i o n s ; / *
•k
i n t * * i n c l i s t ; / *
*
i n t * i n c t o t a l ; / *
*
i n t c o u n t ; / *
*
i n t i n c c o u n t ; / *
d o u b l e l o g 2 ; / *
d o u b l e l o g n ; / *
i n t m i n ; / *
i n t m a x ; / *
i n t m i n 2  ; / *
i n t m a x 2 ; / *
t a b l e * s e q ; / *
t a b l e *  i n c  ; / *
c h a r * u s e d ; / *
i n t *  i n d e x ; / *
i n t t o t a l ; / *
i n t h e i g h t 2 ; / *
*
i n t d e l 2 2 ; / *
*
*
i n t d e l n 2 ; / *
*
*
i n t s e g m e n t s 2 ; / *
*
i n t h e i g h t 3 1 ; / *
*
i n t d e l 2 3 1 ; / *
★
T h e  b a s e  * /
T R U E  i f  o n e b i t  s i g n  m o d e  * /
N u m b e r  o f  i n t e r n a l  b i t s  f o r  t h e  
s e c o n d  b a s e  i n d e x  * /
N u m b e r  o f  i n t e r n a l  v a l u e s  i n  t h e  
s e q u e n c e  * /
L o w e s t  s e c o n d  b a s e  i n d e x  ( i n t e r n a l )  * /  
H i g h e s t  s e c o n d  b a s e  i n d e x  ( i n t e r n a l )  * /  
T h e  l o w e s t  v a l u e  o f  t h e  s e c o n d  b a s e  
i n d e x  ( i n t e r n a l ,  a b s o l u e )  * /
N u m b e r  o f  e x t e r n a l  b i t s  f o r  t h e  
s e c o n d  b a s e  i n d e x  * /
N u m b e r  o f  e x t e r n a l  v a l u e s  i n  t h e  
s e q u e n c e  * /
L o w e s t  s e c o n d  b a s e  i n d e x  ( e x t e r n a l )  * /  
H i g h e s t  s e c o n d  b a s e  i n d e x  ( e x t e r n a l )  * /  
T h e  l o w e s t  v a l u e  o f  t h e  s e c o n d  b a s e  
i n d e x  ( e x t e r n a l ,  a b s o l u e )  * /  
E x p e r i m e n t a l : M a x i m u m  n u m b e r  o f  
v i a b l e  c h o i c e s  o f  m  t o  g e n e r a t e  * /  
E x p e r i m e n t a l :  N u m b e r  o f  v i a b l e  " m " s  
g e n e r a t e d  * /
E x p e r i m e n t a l :  T e m p o r a r y  l i s t  f o r  
S B D  e n t r i e s  u s e r  p e r  i t e m  * /  
E x p e r i m e n t a l :  B e s t  c h o i c e  o f  " m "  
f o r  i t e m  * /
N u m b e r  o f  v a l u e s  i n  t h e  s e q u e n c e  
( s e q )  * /
N u m b e r  o f  i n c r e m e n t i n g  v a l u e s  ( i n c )  * /  
L o g  2  * /
L o g  o f  t h e  s e c o n d  b a s e  * /
L o w e s t  f i r s t  b a s e  i n d e x  ( i n t e r n a l )  * /  
H i g h e s t  f i r s t  b a s e  i n d e x  ( i n t e r n a l )  * /  
L o w e s t  f i r s t  b a s e  i n d e x  ( e x t e r n a l )  * /  
H i g h e s t  f i r s t  b a s e  i n d e x  ( e x t e r n a l )  * /  
P o i n t e r  t o  t h e  s e q u e n c e  t a b l e  * /
P o i n t e r  t o  t h e  i n c r e m e n t  t a b l e  * /
P o i n t e r  t o  t h e  u s e d  t a b l e  * /
P o i n t e r  t o  t h e  S B D  t a b l e  * /
t o t a l  v a l u e s  i n  t h e  S B D  t a b l e  o r  " m "  * /  
T h e  s e p a r a t i o n  p o i n t  i n  S B D  t e r m s  
( l e v e l  2  r e d u c t i o n )  * /
T h e  f i r s t b a s e  i n d e x  a t  t h e  
s e p a r a t i o n  p o i n t  ( l e v e l  2  
r e d u c t i o n )  * /
T h e  s e c o n d b a s e  i n d e x  a t  t h e  
s e p a r a t i o n  p o i n t  ( l e v e l  2  
r e d u c t i o n )  * /
T h e  n u m b e r  o f  s e g m e n t s  i n  t h e  l e v e l  
2  r e d u c t i o n  * /
T h e  f i r s t  s e p a r a t i o n  p o i n t  i n  S B D  
t e r m s  ( l e v e l  3  r e d u c t i o n )  * /
T h e  f i r s t b a s e  i n d e x  a t  t h e  f i r s t  
s e p a r a t i o n  p o i n t  ( l e v e l  3
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*
i n t d e l n 3 1 ; / *
*
•k
i n t h e i g h t 3 2 ; / *
*
i n t d e l 2 3 2 ; / *
*
■k
i n t d e l n 3  2 ; / *
★
*
i n t r e d u c e 2 r o w s ; / *
*
i n t * r e d u c e 2 i t e m s ; / *
★
r e d u c e r o w * * r e d u c e 2 e n t s ; / *
•k
i n t * e 2 i _ i ; / *
*
*
i n t * e 2 i _ 2 ; / *
*
★
d o u b l e f f f a c t o r ; / *
*
*
i n t *  f  f  i n d ; / *
*
r a l u t * a d d l u t ; / *
k
r a l u t * s u b l u t ; / *
*
i n t a d d s i z e ; / *
*
i n t s u b s i z e ; / *
k
i n t v _ t w o b i t m o d e ; / *
i n t v _ t o t a l ; / *
i n t v _ f i r s t b a s e b i t s ; / *
*
i n t v _ s e c o n d b a s e b i t s ; / *
k
i n t v _ e x p f i r s t b a s e b i t s ; / *
k
k
i n t v  s b d l o w b i t s ; / *
k
k
i n t v  s b d h i g h b i t s l i m i t ; / *
k
k
i n t v _ s b d f i r s t b a s e b i t s ; / *
k
*
i n t v  a d d t a b l e s i z e ; / *
*
i n t v _ s u b t a b l e s i z e ; / *
*
r e d u c t i o n )  * /
T h e  s e c o n d b a s e  i n d e x  a t  t h e  f i r s t  
s e p a r a t i o n  p o i n t  ( l e v e l  3  
r e d u c t i o n )  * /
T h e  s e c o n d  s e p a r a t i o n  p o i n t  i n  S B D  
t e r m s  ( l e v e l  3  r e d u c t i o n )  * /
T h e  f i r s t b a s e  i n d e x  a t  t h e  s e c o n d  
s e p a r a t i o n  p o i n t  ( l e v e l  3  
r e d u c t i o n )  * /
T h e  s e c o n d b a s e  i n d e x  a t  t h e  s e c o n d  
s e p a r a t i o n  p o i n t  ( l e v e l  3  
r e d u c t i o n )  * /
N u m b e r  o f  " l o w "  2 - l e v e l  r e d u c t i o n  
r o w s  * /
P o i n t e r  t o  t h e  n u m b e r  o f  i t e m s  i n  
e a c h  2 - l e v e l  r e d u c t i o n  r o w  * /  
P o i n t e r  t o  t h e  a n  a r r a y  o f  
r e d u c t i o n  r o w s  * /
P o i n t e r  t o  a n  a r r a y  f o r  f a s t  
e x p o n e n t  t o  S B D  c o n v e r s i o n  ( s e c o n d  
b a s e )  * /
P o i n t e r  t o  a n  a r r a y  f o r  f a s t  
e x p o n e n t  t o  S B D  c o n v e r s i o n  ( f i r s t  
b a s e )  * /
M u l t i p l i c a t i o n  f a c t o r  f o r  t h e  
d o u b l e  f o r  t h e  f a s t  d o u b l e  t o  
s e q u e n c e  c o n v e r s i o n  * /
P o i n t e r  t o  a n  a r r a y  f o r  t h e  f a s t  
d o u b l e  t o  s e q u e n c e  c o n v e r s i o n  * /  
P o i n t e r  t o  t h e  c u r r e n t  a d d i t i o n  
R A L U T  * /
P o i n t e r  t o  t h e  c u r r e n t  s u b t r a c t i o n  
R A L U T  * /
N u m b e r  o f  e n t r i e s  i n  t h e  c u r r e n t  
a d d i t i o n  t a b l e  * /
N u m b e r  o f  e n t r i e s  i n  t h e  c u r r e n t  
s u b t r a c t i o n  t a b l e  * /
V e r i l o g  v a l u e  f o r  t h e  s i g n  m o d e  * /  
V e r i l o g  v a l u e  o f  m  * /
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  b i t s  
f o r  t h e  f i r s t  b a s e  i n d e x  * /
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  b i t s  
f o r  t h e  s e c o n d  b a s e  i n d e x  * /
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  b i t s  
f o r  t h e  f i r s t  b a s e  i n d e x  f o r  t h e  
E X P  t o  S B D  t a b l e  * /
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  b i t s  
f o r  t h e  l o w  c o m p o n e n t  o f  t h e  S B D  
r e p r e s e n t a t i o n  * /
V e r i l o g  v a l u e  o f  t h e  m a x i m u m  n u m b e r  
o f  b i t s  f o r  t h e  h i g h  c o m p o n e n t  o f  
t h e  S B D  r e p r e s e n t a t i o n  * /
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  b i t s  
f o r  t h e  f i r s t  b a s e  i n d e x  i n  t h e  S B D  
t o  E X P  t a b l e  * /
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  
e n t r i e s  i n  t h e  a d d i t i o n  t a b l e  * /  
V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  
e n t r i e s  i n  t h e  s u b t r a c t i o n  t a b l e  * /
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i n t v  c o l b i t s ; / * N u m b e r  o f  b i t s  t o  h o l d  t h e  c o l u m n
•k f o r  2 - l e v e l  r e d u c t i o n  * /
i n t v _ r o w b i t s ; / * N u m b e r  o f  b i t s  t o  h o l d  t h e  r o w  f o r
* 2 - l e v e l  r e d u c t i o n  * /
i n t v _ f p b i t s ; / * V e r i l o g  v a l u e  o f  t h e  n u m b e r  o f  b i t s
* i n  t h e  f i x e d  p o i n t  b i n a r y  v a l u e s  * /
i n t v  f i r s t b a s e c o l b i t s ; / * N u m b e r  o f  b i t s  t o  h o l d  t h e  f i r s t
k b a s e  c o l u m n  v a l u e s  * /
i n t v  s e c o n d b a s e c o l b i t s ; / * N u m b e r  o f  b i t s  t o  h o l d  t h e  s e c o n d
* b a s e  c o l u m n  v a l u e s  * /
i n t v _ _ f  i r s t b a s e r o w b i t s  ; / * N u m b e r  o f  b i t s  t o  h o l d  t h e  f i r s t
* b a s e  r o w  v a l u e s  * /
i n t v _ s e c o n d b a s e r o w b i t s ; / * N u m b e r  o f  b i t s  t o  h o l d  t h e  s e c o n d
* b a s e  r o w  v a l u e s  * /
i n t v _ r e m a i n d e r b i t s  ; / * M D L N S  t o  B i n a r y  t a b l e  c o n v e r s i o n :
* n u m b e r  o f  b i t s  t o  h o l d  t h e
* r e m a i n d e r  * /
i n t v _ q u o t i e n t b i t s ; / * M D L N S  t o  B i n a r y  t a b l e  c o n v e r s i o n :
* n u m b e r  o f  b i t s  t o  h o l d  t h e  q u o t i e n t
■k
* /
i n t v  d a t u m b i t s ; / * M D L N S  t o  B i n a r y  t a b l e  c o n v e r s i o n :
* s e c o n d  i n d e x  b i a s  * /
c h a r *  f  i 1 e n a m e p r e f  i x ; / * T h e  p r e f i x  f o r  a l l  t h e  g e n e r a t e d
* f i l e s  i n  t h e  B o u r n e  S c r i p t s  * /
c h a r * f i l e n a m e s u f f i x ; / * T h e  s u f f i x  f o r  a l l  t h e  g e n e r a t e d
* f i l e s  i n  t h e  B o u r n e  S c r i p t s  * /
i d x t a b l e * i d x ; / * E x p e r i m e n t a l : P o i n t e r  t o  t h e
* " m o d i f i a b l e "  S B D  t a b l e ,  u s e d  w i t h
* d e v e l o p m e n t a 1  a d d i  t  i o n / s u b t  r a c t  i o n
* g e n e r a t o r s  * /
l o n g  i n t f p m u l t ; / * T h e  m u l t i p l i c a t i o n  b i a s  t o
* r e p r e s e n t  f l o a t i n g  p o i n t  v a l u e s  a s
* f i x e d  p o i n t  * /
i n t r e t r i e s ; / * N u m b e r  o f  t i m e s  t o  s e a r c h  f o r  a
* s m a l l e r  t a b l e  w i t h  d i f f e r e n t  " m " s  * /
i n t s m a r t s e a r c h ; / * S m a r t s e a r c h  s w i t c h  f o r  f i n d  " m "
* f a s t  ( T R U E  y e s )  * /
i n t n o v e r i f y ; / * V e r i f i c a t i o n  o f
★ a d d i t i o n / s u b t r a c t i o n  t a b l e s  s w i t c h
* ( T R U E  =  y e s )  * /
t a b l e * c o l t a b ; / * P o i n t e r  t o  t h e  c u r r e n t  c o l u m n  t a b l e
■k f o r  2 - l e v e l  r e d u c t i o n  * /
t a b l e * r o w t a b ; / * P o i n t e r  t o  t h e  c u r r e n t  r o w  t a b l e
•k f o r  2 - l e v e l  r e d u c t i o n  * /
m a p (  d o u b l e  b a s e ,  i n t  b i t s 2 ,  i n t  b i t s ,  i n t  z e r o  
v i r t u a l  - m a p (  v o i d  ) ;  
v o i d  _ c l e a n (  v o i d  ) ;
i n t  g e n e r a t e (  i n t  o p t i o n ,  d o u b l e  * g o o d  ) ;
v o i d  g e n e r a t e _ c l e a n (  v o i d  ) ;
v o i d  s e t p a r a m s
(
c h a r  * i n p u t p a t h ,  
c h a r  * i n p u t s u f f i x ,  
i n t  f p b i t s ,  
i n t  t r i e s ,  
i n t  s e a r c h ,  
i n t  v e r i f y m o d e
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v o i d p r i n t (  v o i d  ) ;
v o i d p r i n t (  i n t  h e i g h t ,  i n t i d i f f ,  i n t  s e c
c h a r * f i l e n a m e (  c h a r  * n a m e  !1 ;
i n t f i n d b e s t r e d u c t i o n (  i n t m o d e  ) ;
i n t c h e c k r e d u c t i o n
(
i n t  s t o p ,
i n t  i ,
i n t  * o d 2 ,
i n t  * o d n ,
i n t  * o s e g m e n t s ,
i n t  * o o p t i m i z e ,
i n t  * s e c t i o n s p e r r o w ,
i n t  m a x s e c t i o n s p e r r o w
) ;
v o i d r e m o v e e m p t y l i n e s (  v o i d  ) ;
v o i d p r i n t v e r i l o g b t o m r e d u c e p a r a m s (  v o i d  ) ;
v o i d p r i n t b t o m f a c t o r s (  v o i d  ) ;
v o i d p a c k l i n e s ( v o i d  ) ;
i n t f i n d b e s t 2 d p a r t i t i o n (  i n t  m o d e  ) ;
i n t f i n d b e s t 3 d p a r t i t i o n (  i n t  m o d e  ) ;
i n t i n d e x t o s e q u e n c e ( i n t  i n d  ) ;
i n t s e q u e n c e t o i n d e x (  i n t  s e q  ) ;
d o u b l e s e q u e n c e v a l u e (  i n t  s e q u e n c e  ) ;
d o u b l e i n d e x v a l u e (  i n t  i n d  ) ;
i n t s l o w f i n d s e q u e n c e (  d o u b l e  i v a l ,  d o u b l e  * d i v
i n t s l o w f i n d i n d e x (  d o u b l e  i v a l ,  d o u b l e  * d i v  ) ;
i n t f a s t f i n d s e q u e n c e (  d o u b l e  i v a l ,  d o u b l e  * d i v
i n t e x p o n e n t s t o s e q u e n c e (  i n t  a ,  i n t  b  ) ;
i n t e x p o n e n t s t o i n d e x  f a s t (  i n t  a ,  i n t  b  ) ;
i n t e x p o n e n t s t o i n d e x  a l g o r (  i n t  e 2 ,  i n t  e n  ) ;
i n t p r i n t r e d u c t i o n t a b l e ( v o i d  ) ;
v o i d p r i n t v e r i l o g m t o b r e d u c e p a r a m s (  v o i d  ) ;
v o i d r e d u c t i o n  c l e a n (  v o i d  ) ;
i n t a d d t a b l e _ t w o i n d e x (  v o i d  ) ;
i n t a d d t a b l e _ o n e i n d e x (  v o i d  ) ;
i n t a d d t a b l e _ s e q u e n c e (  v o i d  ) ;
i n t a d d t a b l e _ i n d e x (  v o i d  ) ;
i n t s u b t a b l e _ s e q u e n c e (  v o i d  ) ;
i n t s u b t a b l e _ i n d e x (  v o i d  ) ;
v o i d a d d s u b _ c l e a n (  v o i d  ) ;
i n t a p p r o x i m a t e t a b l e s  
{
i n t  b e s t ,  
i n t  d 2 ,  
i n t  d n ,  
i n t  b e s t 2 ,  
i n t  d 2 2 ,  
i n t  d n 2 ,  




f i n d b e s t s i z e
(
i n t  s t a r t ,
i n t  e n d ,
d o u b l e  l e a s t ,  
d o u b l e  * e r r
) ;
i n t f i n d a d d (  v o i d  ) ;
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i n t  a d d s u b r e d u c e (  a s t a b  * a t a b l e ,  i n t  l i m i t ,  i n t  * l a s t  ) ;
r a l u t  * a d d s u b r a l u t ( a s t a b  * i n t a b ,  i n t  l i m i t ,  i n t  e n t s  ) ;
v o i d  p r i n t e x p t o s b d (  v o i d  ) ;
v o i d  p r i n t s b d r a l u t (  v o i d  ) ;
v o i d  p r i n t v e r i l o g a d d s u b p a r a m s ( v o i d  ) ;
v o i d  p r i n t s b d t o s a n e s b d (  v o i d  ) ;
} ;
/ *  d e b u g  s w i t c h  * /
e x t e r n  i n t  d e b u g ;
/ *
S o m e  c o m m o n l y  u s e d  f u n c t i o n s
* /
# d e f i n e  m a x  (  a ,  b  )  (  ( a )  >  ( b )  ?  ( a )  :  ( b )  )
# d e f i n e  m i n  (  a ,  b  )  (  ( a )  <  ( b )  ?  ( a )  :  ( b )  )
/ *  U N I X  c o m m a n d s  t o  u s e  i n  B o u r n e  S h e l l  * /
# d e f i n e  C O M M _ t o b i n a r y  " $ t o b i n a r y "
# d e f i n e  C O M M _ r m  " / u s r / b i n / r m "
t t d e f i n e  C O M M _ s o r t  " / u s r / b i n / s o r t "
t t d e f i n e  C O M M _ c a t  " / u s r / b i n / c a t "
/ *
*  t h e  v a l u e  u s e d  t o  r e p r e s e n t  a n  e m p t y  v a l u e  d u r i n g  t h e
*  a d d i t i o n / s u b t r a c t i o n  c o m p u t a t i o n s  
* /
# d e f i n e  e m p t y  0 x 7 f f f f f f f  
/ *
d e f i n e  w h i c h  e x p o n e n t  t o  i n d e x  m e t h o d  t o  u s e
* /
# d e f i n e  e x p o n e n t s t o i n d e x (  a ,  b  )  e x p o n e n t s t o i n d e x _ f a s t (  a ,  b  ) 
/ *
*  d e f i n e  w h i c h  s e q u e n c e  s e a r c h i n g  m e t h o d  t o  u s e
*  # d e f i n e  e x p o n e n t s t o i n d e x ( a , b )  e x p o n e n t s t o i n d e x _ a l g o r ( a , b )
* /
# d e f i n e  f i n d s e q u e n c e  f a s t f i n d s e q u e n c e  
/ *
*  d e f i n e  w h i c h  i n d e x  s e a r c h i n g  m e t h o d  t o  u s e
*  # d e f i n e  f i n d s e q u e n c e  s l o w f i n d s e q u e n c e  
* /
# d e f i n e  f i n d i n d e x  s l o w f i n d i n d e x
/ *  A  l a r g e  n u m b e r  * /
# d e f i n e  b i g n u m  1 6 7 7 7 2 1 5
/ *  T h e  p a t h  d e l i m i t e r  * /
# i f d e f  W I N 3 2
# d e f i n e  d i r d e l i m  ' \ \  '
# e l s e
# d e f i n e  d i r d e l i m  ' / '
# e n d i f
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A.2.1.3 map_inlines.h
/ *  $6
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
I n l i n e  f u n c t i o n s  u s e d  i n  t h e  c o d e .
+  + +  +  +  +  +  +  +  +  +  +  +  4- +  +  +  +  +  +  4- +  +  +  +  + +  +  +  4- + + +  +  +  +  + +  +  +  +  +  +  +  +  4- +  + + + +  +  +  +  +  4- +  +  +  +  + +  +  +  +  +  +  +  +  +  +  +  +  +
* /
/ *
D e t e r m i n e  t h e  s i g n  o f  a n  i n t e g e r
* /
i n l i n e  i n t  s i g n (  i n t  d  ) 
{
i f (  d  > =  0  )
{
r e t u r n  1 ;
}
e l s e
{




D e t e r m i n e  t h e  s i g n  o f  a  d o u b l e
*/
i n l i n e  i n t  s i g n d (  d o u b l e  d  )  
{
i f (  d  > =  0  )
{
r e t u r n  1 ;
}
e l s e
{




P e r f o r m  a  l i n e a r  m o d u l o  f u n c t i o n  ( c o m p e n s a t e  f o r  n e g a t i v e  v a l u e s )
*/
i n l i n e  i n t  m o d (  i n t  a ,  i n t  b  )
{
/*--*/  
i n t  i  ;
/* — */
/*
*  i f ( b = = 0 )  {  p r i n t f ( " s t o p p i n g  i n  m o d  w i t h  d i v i d e r  o f  0 ,  q u o t i e n t  o f
*  % d \ n " , a ) ;  e x i t ( 1 0 0 ) ;  }
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*/
i  =  a  %  b ;  
i f (  i  <  0  )  
{
i  + =  b ;
}
r e t u r n  i ;
}
/*
P e r f o r m  a  l i n e a r  d i v i s i o n  f u n c t i o n  ( c o m p e n s a t e  f o r  n e g a t i v e  v a l u e s )
*/
i n l i n e  i n t  m o d u (  i n t  a ,  i n t  b  ) 
{
/*__*/ 
i n t  i ;  
i n t  k  ;
/* — */
k  =  a  %  b ;  
i  =  a  /  b ;
i f  (  a  <  0  ScSc k  )
{
i  -  -  ;
}
r e t u r n  i ;
}
/*
P e r f o r m  b o t h  a b o v e  f u n c t i o n s  i n  o n e  s t e p
*/
i n l i n e  v o i d  m o d 2 (  i n t  a ,  i n t  b ,  i n t  * k ,  i n t  * i  )  
{
* k  =  a  %  b ;
* i  =  a  /  b ;
i f (  a  <  0  & &  * k  )
{
*  i  -  -  ;
}
i f (  * k  <  0  )
{
* k  + =  b ;
}
r e t u r n ;
}
# i f d e f  W I N 3 2  
/*
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r e t u r n  t h e  e x p o n e n t  a n d  m a n t i s s a  o f  a  d o u b l e
t h i s  i s  a r c h i t e c t u r e  d e p e n d e n t ,  c h a n g e  b e f o r e  p o r t i n g
*/




*  t h i s  f u n c t i o n  i s  c o m p a r a b l e  t o  " f r e x p "  h o w e v e r  i t  r u n s  f a s t e r  s i n c e
*  n o  b o u n d  o r  e r r o r  c h e c k i n g  i s  d o n e  i t  i s  a b o u t  3  t i m e s  s m a l l e r  t h e
*  f r e x p  
*/
i n t  t  ;
/ *  a  c h a r  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /  
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f  +  1  ;  
/ *  * /
/ *  i f  t h e  e x p o n e n t  p o i n t e r  i s  p r o v i d e d ,  s e t  i t  * /  
i f  (  s  )
{
/ *  f i n d  t h e  e x p o n e n t  * /  
t  =  (  * a  & 0 x 7 f f f f f f f  )  > >  2 0 ;
* s  =  t  -  1 0 2 3 ;
}
/ *  r e m o v e  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /  
* a  =  * a  &  O x O O O f f f f f  | 0 x 3 f f 0 0 0 0 0 ;
/ *  r e t u r n  t h e  n o r m a l i z e d  v a l u e  * /  
r e t u r n  f ;
}
# e l s e
/*
r e t u r n  t h e  e x p o n e n t  a n d  m a n t i s s a  o f  a  d o u b l e
t h i s  i s  a r c h i t e c t u r e  d e p e n d e n t ,  c h a n g e  b e f o r e  p o r t i n g
*/




*  t h i s  f u n c t i o n  i s  c o m p a r a b l e  t o  " f r e x p "  h o w e v e r  i t  r u n s  f a s t e r  s i n c e
*  n o  b o u n d  o r  e r r o r  c h e c k i n g  i s  d o n e  i t  i s  a b o u t  3  t i m e s  s m a l l e r  t h e
*  f  r e x p  
*/
i n t  t  ;
/ *  a  c h a r  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /  
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f ;
/* -------------------------------------------------------- */
/ *  i f  t h e  e x p o n e n t  p o i n t e r  i s  p r o v i d e d ,  s e t  i t  * /  
i f  (  s  )
{
/ *  f i n d  t h e  e x p o n e n t  * /  
t  =  (  * a  &  0 x 7 f f f f f f f  )  > >  2 0 ;
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* s  =  t  -  1 0 2 3 ;
}
/ *  r e m o v e  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /  
* a  =  * a  &  O x O O O f f f f f  | 0 x 3 f f 0 0 0 0 0 ;
/ *  r e t u r n  t h e  n o r m a l i z e d  v a l u e  * /  
r e t u r n  f ;
}
# e n d i f
# i f d e f  W I N 3 2  
/*
a  c u s t o m  v e r s i o n  o f  l d e x p .  l d e x p  l o a d s  a d d s  t o  t h e  e x i s t i n g  e x p o n e n t  i n  
t h e  f l o a t i n g  p o i n t  r e p r e s e n t a t i o n  o f  a  n u m b e r  t h i s  f u n c t i o n  i s  f a s t e r  
s i n c e  i t  d o e s n ' t  d o  a n y  e r r o r  c h e c k i n g
*/
i n l i n e  d o u b l e  m y _ l d e x p (  d o u b l e  f ,  i n t  s  )
{
/*--------------------------------------------------------------*/
/ *  a  l o n g  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f  +  1 ;
/*--------------------------------------------------------------*/
/ *  c h e c k  f o r  z e r o  c a s e  * /  
i f (  f  = =  0  )
{
r e t u r n  0 ;
}
/ *  a d d  t o  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /
* a  =  * a  &  0 x 8 0 0 f f f f f  I (  ( ( ( ( * a  &  0 x 7 f f f f f f f )  > >  2 0 )  +  s )  &  2 0 4 7 )  < <  2 0  ) ;
/ *  r e t u r n  t h e  n e w  v a l u e  * /  
r e t u r n  f ;
}
# e l s e
/*
a  c u s t o m  v e r s i o n  o f  l d e x p .  l d e x p  l o a d s  a d d s  t o  t h e  e x i s t i n g  e x p o n e n t  i n  
t h e  f l o a t i n g  p o i n t  r e p r e s e n t a t i o n  o f  a  n u m b e r  t h i s  f u n c t i o n  i s  f a s t e r  
s i n c e  i t  d o e s n ' t  d o  a n y  e r r o r  c h e c k i n g
*/
i n l i n e  d o u b l e  m y _ l d e x p (  d o u b l e  f ,  i n t  s  )
{
/*-------------------------------------------------------- */
/ *  a  l o n g  p o i n t e r  t o  t h e  p a s s e d  a r g u m e n t  * /  
u n s i g n e d  l o n g  * a  =  (  u n s i g n e d  l o n g  *  )  & f ;  
/ * --------------------------------------------------------------------------------------------------------------------------------------------------------------* /
/ *  c h e c k  f o r  z e r o  c a s e  * /  
i f  (  f  = =  0  )
{
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r e t u r n  0 ;
/ *  a d d  t o  t h e  e x p o n e n t  f r o m  t h e  d o u b l e  r e p r e s e n t a t i o n  * /
* a  =  * a  &  0 x 8 0 0 f f f f f  | (  ( ( ( ( * a  &  0 x 7 f f f f f f f )  > >  2 0 )  +  s )  &  2 0 4 7 )  «  2 0  )
/ *  r e t u r n  t h e  n e w  v a l u e  * /  
r e t u r n  f ;
}
# e n d i f
A.2.1.4 map_functions.h
/ * $ 6
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
D e f i n i t i o n s  o f  c o m m o n  ' C '  f u n c t i o n s .  
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
*/
e x t e r n  t a b l e  * t s ;
e x t e r n  i d x t a b l e  * i d x t s ;
e x t e r n  d o u b l e  o t h e r ;
e x t e r n  i n t  t c e q u a l ;
e x t e r n  " C "  i n t  t a b l e c o m p a r e (  c o n s t  v o i d  * i l ,  c o n s t  v o i d  * j l  ) ;
e x t e r n  "C" i n t  i d x t a b l e c o m p a r e (  c o n s t  v o i d  * i l ,  c o n s t  v o i d  * j l  ) ;  
e x t e r n  " C "  i n t  r e d u c e r o w c o m p a r e (  c o n s t  v o i d  * i l ,  c o n s t  v o i d  * j l  ) ;
A.2.1.5 map_functions.cpp
/ *  $6
+ + + + + + + + + + + + + + + + + + + + + 4* + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
T h i s  p o r t i o n  o f  c o d e  c o n t a i n s  g l o b a l  " C "  t y p e  a n d  C + +  f u n c t i o n s .  
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
*/
# i n c l u d e < s t d i o , h >
# i n c l u d e < s t d l i b . h >
# i n c l u d e < m a t h . h >
# i n c l u d e < s t r i n g . h >
# i n c l u d e " m a p . h "
# i n c l u d e " m a p  i n l i n e s . h '
t a b l e * t s ;
i d x t a b l e * i d x t s ;
d o u b l e o t h e r ;
i n t t c e q u a l ;
/*
C o m p a r e  t w o  t a b l e  s t u r c t i o n s  b a s e d  o n  t h e i r  v a l u e s .
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*/
e x t e r n  " C "  i n t  t a b l e c o m p a r e (  c o n s t  v o i d  * i l ,  c o n s t  v o i d  * j l  )
{
/*------------------------------- */
t a b l e  * i  =  (  t a b l e  *  )  i l ;  
t a b l e  * j  =  (  t a b l e  *  )  j 1 ;
j  *  ____________ _____________________* j
t s  =  j  ;
i f  (  i -  > v  >  j  -  > v  )
{
r e t u r n  1 ;
}
e l s e
i f (  i - > v  <  j - > v  )
{
r e t u r n  - 1 ;
}
t c e q u a l + + ;  
r e t u r n  0 ;
}
/*
C o m p a r e  t w o  I N D E X  t a b l e  s t r u c t u r e s  b a s e d  o n  t h e i r  v a l u e s .
*/
e x t e r n  " C "  i n t  i d x t a b l e c o m p a r e (  c o n s t  v o i d  * i l ,  c o n s t  v o i d  * j l  )
{
/*------------------------------------------ */
i d x t a b l e  * i  =  (  i d x t a b l e  *  )  i l ;
i d x t a b l e  * j  =  (  i d x t a b l e  *  )  j l ;
/*------------------------------------------ */
i d x t s  =  j  ;
i f (  i - > v  >  j -  > v  )
{
r e t u r n  1 ;
}
e l s e
i f (  i - > v  <  j -  > v  )
{
r e t u r n  - 1 ;
}
t c e q u a l + + /  
r e t u r n  0 ;
}
/*
C o m p a r e  t w o  r e d u c e r o w  s t r u c t i o n s  b a s e d  o n  t h e  u p p e r  a n d  l o w e r  v a l u e s .
*/
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e x t e r n  " C "  i n t  r e d u c e r o w c o m p a r e (  c o n s t  v o i d  * i l ,  c o n s t  v o i d  * j l  )  
{
/*-------------------------------------------- */
r e d u c e r o w  * i  =  (  r e d u c e r o w  *  )  i l ;
r e d u c e r o w  * j  =  (  r e d u c e r o w  *  )  j l ;
/* --------------------------------------------*/
/ *  i f ( i - > s o r t  >  j - > s o r t )  r e t u r n  1 ;  e l s e  r e t u r n  - 1 ;  * /  
i f  (  i - > l o w e r  <  j - > l o w e r  )
{
r e t u r n  - 1 ;
}
e l s e
i f  ( i - > l o w e r  >  j - > l o w e r  )
{
r e t u r n  1 ;
}
e l s e
i f  (  i - > u p p e r  <  j - > u p p e r  )
{
r e t u r n  - 1 ;
}
e l s e
{




F i n d  t h e  c l o s e s t  M D L N S  v a l u e  o f  a  n u m b e r  -  F A S T  m e t h o d .
*/
i n t  m a p  : :  f a s t f i n d s e q u e n c e (  d o u b l e  i v a l ,  d o u b l e  * d i v  )  
{
/ * -------------------
i n t i  ;
i n t j ;
i n t k;
i n t e x ;
d o u b l e e  ;
d o u b l e f  ;
d o u b l e g;
d o u b l e f e ;
/ * -------------------
- - * /
/ *  W e  c a n ' t  f i n d  z e r o !  * /  
i f (  l i v a l  )
{
r e t u r n  (  i n t  )  - b i g n u m ;
}
/ *  N o r m a l i z e  i t  * /  
f  =  n o r m a l i z e (  i v a l ,  & e x  ) ;
/ *  M a p  i t  i n t o  a n d  i n d e x  t o  o u r  q u i c k  t a b l e  * /  
i  =  (  i n t  )  f l o o r (  ( f  -  1 )  *  f f f a c t o r  ) ;
/ *  I t  s h o u d l  n e v e r  b e  a b o v e  t h e  m a x i m u m ,  b u t  j u s t  i n  c a s e  * /
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i f  (  i  >  f f f a c t o r  )
{
i  =  (  i n t  ) f f f a c t o r ;
}
/ *  G e t  t h e  v a l u e  * /  
k  =  j  =  f f i n d [ i ] ;
/ *  F i n d  t h e  n e x t  o n e  * /
i  =  j  +  1 ;
/ *  S e t  t h e  e r r o r  * /
* d i v  =  s e q [ j ]  . v  -  f ;  
o t h e r  =  b i g n u m ;
/ *  F i n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  n e x t  v a l u e  * /  
e  =  s e q [ i ]  . v  -  f  ;  
f e  =  f a b s ( e  ) ;
g  =  f e  -  f a b s (  * d i v  ) ;
/ *  I f  i t  i s  b e t t e r ,  b u t  o v e r  a  s m a l l  n u m b e r  t o o ,  u s e  i t  i n s t e a d  * /  
i f (  f a b s (  g  ) > =  l e - 1 0  & &  g  <  0  )
{
/ *  S e t  t h e  n e w  v a l u e s  * /  
k  =  i ;
o t h e r  =  * d i v ;
* d i v  =  e ;
}
/ *  A p p l y  t h e  p r o p e r  e x p o n e n t s  * /
* d i v  =  m y _ l d e x p (  * d i v ,  e x  ) ;  
o t h e r  =  m y _ l d e x p (  o t h e r ,  e x  ) ;
k  =  k  +  c o u n t  *  e x ;
/ *  r e t u r n  t h e  s e q u e n c e  v a l u e  * /  
r e t u r n  k ;
}
P r i n t  o u t  a  t w o - d i m e n s i o n a l  t a b l e  b a s e d  o n  t h e  r e s u l t s  f o u n d  f r o m  t h e  2  
l e v e l  r e d u c t i o n .
*/
v o i d  m a p  : :  p r i n t ( v o i d  )
{
p r i n t (  h e i g h t 2 ,  d e l n 2 ,  0  ) ;
}
/*
P r i n t  o u t  a  t w o - d i m e n s i o n a l  t a b l e  b a s e d  o n  t h e  p a s s e d  i n f o r m a t i o n .
*/
v o i d  m a p  : :  p r i n t (  i n t  h e i g h t ,  i n t  i d i f f ,  i n t  s e c  )  
{
/*  */
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i n t  i ;  
i n t  j  ■, 
i n t  m ;  
i n t  k ;
i n t  c o l  =  t o t a l  /  h e i g h t ;
i n t  t l ;
i n t  t 2 ;
i n t  t 3  ;
i n t  t 4  ;
i n t  d i f f  =  a b s (  i d i f f  ) ;
/*  */
/ *  F i g u r e  o u t  t h e  n u m b e r  o f  c o l u m n s  * /  
i f  (  c o l  *  h e i g h t  ! =  t o t a l  )
{
C o l + + ;
}
/ *  P r i n t  o u t  t h e  s i z e  * /
p r i n t f ( " #  M D L N S  T a b l e :  ( % d x % d ) \ n " ,  c o l ,  h e i g h t  ) ;
/*
*  F i g u r e  o u t  t h e  n u m b e r  o f  d i g i t s  f o r  t h e  o u t p u t  o f  t h e  c o l u m n s  a n d
*  r o w s  
*/
t 2  =  (  i n t  )  (  l o g l O (  d i f f  )  +  1  ) ;
t 3  =  (  i n t  )  (  l o g l O (  h e i g h t  )  +  1  ) ;
t 4  =  (  i n t  )  (  l o g l O (  c o l  )  +  1  ) ;
/ *  C e n t r e  t h e  t i t l e s  * /
p r i n t f (  " #  % * s  % * s \ n " ,  t 3 ,  " R o w " ,  c o l  -  1 ,  " C o l u m n "  ) ;
/ *  P r i n t  o u t  t h e  c o l u m n  l a b e l s  s i d e  w a y s  * /  
f o r (  i  =  t 4  -  1 ;  i  > =  0 ;  i - -  )
{
/ *  F r o m  t h e  s t a r t  * /  
p r i n t f (  "#  % * s  " ,  t 3 ,  "  "  ) ;
/ *  G o  t h r o u g h  e a c h  c o l u m n  l a b e l  * /
f o r  (  j  = 0 ;  j  <  c o l ;  j + +  )
{
/ *  p r i n t  s p a c e s  i f  w e  n e e d  t o  * /  
f o r (  k  =  1 ;  k  <  t 2 ;  k + +  )
{
p r i n t f (  "  "  ) ;
}
/ *  W h a t  a r e  w e  p r i n t i n g  * /
t l  =  (  i n t  )  (  j  /  p o w (  1 0 ,  i  )  ) ;
t l  =  t l  %  1 0 ;
/ *  P r i n t  i t ,  o r  s k i p  i t  * /  
i f  (  t l  | |  i  = =  0  )
{
p r i n t f (  " % l d " ,  t l  ) ;
}
e l s e
{
p r i n t f (  "  "  ) ;
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}
}
/ *  n e x t  l i n e  * /  
p r i n t f (  " \ n "  ) ;
}
/ *  P r i n t  t h e  r o w s  * /
f o r (  m  =  0 ;  m  <  h e i g h t ;  m + +  )
{
/ *  B e f o r e  t h e  f i r s t  r o w ,  p r i n t  a  d i v i d e r ;  o r  p r i n t  i t  e v e r y  s o  m a n y  * /  
i f (  m  = =  0  | |  ( ( s e c  >  0 )  & &  ( m  %  s e c  = =  0 ) )  )
{
p r i n t f (  "#  % * s + " ,  t 3 ,  "  "  ) ;  
f o r (  j  = 0 ;  j  <  c o l ;  j + +  )
{
f o r ( k  =  0 ;  k  <  t 2 ;  k + +  )
{
p r i n t f (  ) ;
}
}
p r i n t f (  " \ n "  ) ;
}
/ *  P r i n t  t h e  r o w  n u m b e r  * /  
p r i n t f (  "#  % * d | " ,  t 3 ,  m  ) ;
/ *  G o  t h r o u g h  e a c h  c o l u m n  i n  t h e  r o w  * /
f o r (  i  =  0 ;  i  <  t o t a l  /  h e i g h t  +  1 ;  i + +  )
{
/ *  f i n d  t h e  r e f e r e n c e  * /
j  =  m  +  i  *  h e i g h t ;
/ *  s k i p  i f  i t  i s  o u t  o f  r a n g e  * /  
i f  (  j  > =  t o t a l  )
{
c o n t i n u e ;
}
/ *  p r i n t  a  v a l u e  i f  i t  i s  c o n s i d e r e d  a l l o c a t e d  * /  
i f (  u s e d [ j ]  )
{
k  =  s e q [ i n d e x [ j ] ] . e n  +  a r r a y o f f ;  
p r i n t f (  " % 0 * d " ,  t 2 ,  k  %  d i f f  ) ;
}
e l s e
{
/ *  I f  n o t ,  p r i n t  s o m e  s p a c e s  * /  
f o r t  k  =  0 ;  k  <  t 2 ;  k + +  )
{




/ *  C o l u m n  d o n e  * /  
p r i n t f (  " \ n "  ) ;
}
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/ *  A l l  r o w s  d o n e  * /
}
/*
F u n c t i o n  t o  m a p  a  S B D  v a l u e  t o  a  s e q u e n c e  v a l u e .
*/
i n t  m a p  : :  i n d e x t o s e q u e n c e (  i n t  i n d  )
{
/* — */ 
i n t  i  ;  
i n t  j  ;
/* — */
/ *  B r e a k  u p  t h e  i n d e x  i n t o  h i g h  a n d  l o w  c o m p o n e n t s  * /  
m o d 2 (  i n d ,  t o t a l ,  & i ,  & j  ) ;
/ *  r e t u r n  i n  s e q u e n c e  s p a c e  * /  
r e t u r n  i n d e x  [ i ]  +  j  *  c o u n t ;
}
/*
F u n c t i o n  t o  m a p  a  s e q u e n c e  v a l u e  t o  a  S B D  v a l u e .
* /
i n t  m a p  : :  s e q u e n c e t o i n d e x (  i n t  s e q u e n c e  )
{
/ *  —  * /  
i n t  i  ;  
i n t  j  ;
/* — */
/ *  B r e a k  u p  t h e  i n d e x  i n t o  h i g h  a n d  l o w  c o m p o n e n t s  * /  
m o d 2 (  s e q u e n c e ,  c o u n t ,  & i ,  & j  ) ;
/ *  r e t u r n  i n  S B D  s p a c e  * /  
r e t u r n  s e q [ i ] . r e v  +  j  *  t o t a l ;
}
/*
F u n c t i o n  t o  d e t e r m i n e  t h e  r e a l  v a l u e  a t  a  p a r t i c u l a r  s e q u e n c e .  
*/
d o u b l e  m a p  : :  s e q u e n c e v a l u e (  i n t  s e q u e n c e  )
{
/ *  —  * /  
i n t  i ;  
i n t  j  ;
/* — */
/ *  B r e a k  u p  t h e  i n d e x  i n t o  h i g h  a n d  l o w  c o m p o n e n t s  * /  
m o d 2 ( s e q u e n c e ,  c o u n t ,  & i ,  & j  ) ;
/ *  r e t u r n  t h e  n o r m a l i z e d  v a l u e  s h i f t e d  b y  t h e  h i g h  c o m p o n e n t  * /  
r e t u r n  m y _ l d e x p (  s e q [ i ] . v ,  j  ) ;
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}
/*
F u n c t i o n  t o  d e t e r m i n e  t h e  r e a l  v a l u e  a t  a  p a r t i c u l a r  S B D .
*/
d o u b l e  m a p  : :  i n d e x v a l u e (  i n t  i n d  )  
{
/ * _ _ * /  
i n t  i  ;  
i n t  j  ;
/* — */
/ *  B r e a k  u p  t h e  i n d e x  i n t o  h i g h  a n d  l o w  c o m p o n e n t s  * /  
m o d 2  (  i n d ,  t o t a l ,  & i ,  & j  )  ;
/ *  r e t u r n  t h e  n o r m a l i z e d  v a l u e  s h i f t e d  b y  t h e  h i g h  c o m p o n e n t  * /  
r e t u r n  m y _ l d e x p (  i d x [ i ] . v ,  j  ) ;
}
/*
T h i s  f u n c t i o n  f i n d s  t h e  s e q u e n c e  v a l u e  o f  a  r e a l  n u m b e r  t h e  s l o w  w a y  
u s i n g  b s e a r c h  ( b i n a r y  s e a r c h  o f  s o r t e d  d a t a ) .
*/





i n t i  ;
i n t j  ;
i n t k  =
d o u b l e v a l
d o u b l e e l ;
d o u b l e e 2 ;
d o u b l e e  ;
d o u b l e m x
t a b l e t  ;
t a b l e * r ;
/*  */
/ *  W e  c a n ' t  f i n d  0 !  * /  
i f (  i v a l  )
{
/ *  p r i n t f ( " A s k e d  t o  f i n d  0 ! \ n " ) ;  * /  
r e t u r n  (  i n t  )  - b i g n u m ;
}
/ *  O l d  w a y  t o  d o  t h e  n o r m a l i z t i o n  * /  
w h i l e (  v a l  <  1  )
{
v a l  =  v a l  *  m x ;  
k - - ;
}
w h i l e (  v a l  > =  m x  )
{
v a l  =  v a l  /  m x ;
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k + + ;
}
/ *  S e t u p  a  s t r u c t u r e  f o r  b s e a r c h  * /  
t . v  =  v a l ;
/ *  C a l l  b s e a r c h  * /  
r  =  (  t a b l e  *  )  b s e a r c h  
(
(  c o n s t  v o i d  *  )  & t ,
(  c o n s t  v o i d  *  )  s e q ,  
c o u n t ,
s i z e o f ( t a b l e ) ,  
t a b l e c o m p a r e
) ;
/*
*  T h e r e  i s  a l w a y s  a  c h a n c e  w e  m i g h t  f i n d  t h e  e x a c t  v a l u e ,  b u t  i t  i s
*  r a r e  
*/
i f  (  r  )
{
/ *  I f  w e  d i d ,  f i n d  t h e  i n d e x  * /  
i  =  r  -  s e q ;
/ *  c a l c u l a t e  i t  w i t h  t h e  e x p o n e n t  * /  
i  =  i  +  k  *  c o u n t ;
/ *  s e t  t h e  e r r o r  t o  z e r o  * /  
e l  =  0 ;  
o t h e r  =  0 ;
}
e l s e
{
/*
*  W e  d i d n ' t  f i n d  i t ,  s u r p r i s e . . . ,  f i n d  t h e  c l o s e s t
*  I n  t h e  c o m p a r e  r o u t i n e ,  w e  s a v e  t h e  c o m p a r i n g  e l e m e n t ,  b s e a r c h
*  w i l l  a l w a y s  e n d  w i t h  t h e  c l o s e s t  e l e m e n t  l a s t  c o m p a r e d .
*  F i n d  t h e  i n d e x  
*/
i  =  t s  -  s e q ;
/ *  F i n d  t h e  e r r o r  * /  
e l  =  s e q [ i ] . v  -  v a l ;
/*
*  I f  o u r  v a l u e  i s  b e l o w  o u r  i n d e x e d  o n e ,  c o m p a r e  w i t h  t h e  p r e v i o u s
*  v a l u e  
*/
i f (  v a l  <  s e q [ i ] . v  )
{
j  =  i  -  1 ;
}
e l s e
/ *  e l s e ,  c o m p a r e  w i t h  t h e  n e x t  * /
{
j  =  i  +  1 ;
}
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/ *  F i n d  t h e  e r r o r  * /
e 2  =  s e q u e n c e v a l u e (  j  )  -  v a l ;
/ *  F i n d  t h e  d i f f e r e n c e  i n  t h e  e r r o r s  * /  
e  =  f a b s (  e 2  )  -  f a b s (  e l  ) ;
/ *  I f  i t  i s  r e a l l y  s m a l l ,  a l w a y s  p i c k  t h e  f i r s t  o r  l o w e s t  o n e  * /  
i f  (  f a b s (  e  )  <  l e - 1 0  )
{
e  =  j  -  i ;
}
/ *  P i c k  t h e  l o w e s t  * /  
i f (  e  <  0  )
{
o t h e r  =  e l ;  
e l  =  e 2 ;
i  =  j  ;
}
e l s e
{
o t h e r  =  e 2 ;
}
/ *  C a l c u l a t e  t h e  t r u e  i n d e x  * /  
i  =  i  +  k  *  c o u n t ;
}
/ *  I f  g i v e n  t h e  e r r o r  p o i n e t e r ,  c a l c u l a t e  i t  * /  
i f (  d i v  )
{
* d i v  =  e l  *  p o w (  m x ,  k  ) ;
}
/ *  a l s o  c a l c u l a t e  t h e  o t h e r  e r r o r  v a l u e  * /  
o t h e r  =  o t h e r  *  p o w (  m x ,  k  ) ;
r e t u r n  i ;
}
/*
T h i s  f u n c t i o n  m a p s  t w o  e x p o n e n t s  i n t o  a  s e q u e n c e  v a l u e .
*/
i n t  m a p  : :  e x p o n e n t s t o s e q u e n c e (  i n t  a ,  i n t  b  )
{
/ *  U s e  t h e  f a s t  t a b l e s  t o  d o  t h i s  * /
r e t u r n  (  c o u n t  *  ( a  -  e 2 i _ 2 [ b  +  a r r a y o f f ]  )  +  e 2 i _ i [ b  +  a r r a y o f f ]  ) ;
}
/*
T h i s  f u n c t i o n  m a p s  t w o  e x p o n e n t s  i n t o  a  s b d  v a l u e .
*/
i n t  m a p  : :  e x p o n e n t s t o i n d e x _ f a s t (  i n t  a ,  i n t  b  )  
{
/ *  A g a i n ,  u s e  t h e  f a s t  t a b l e s  t o  d o  t h i s  * /
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r e t u r n  (  s e q u e n c e t o i n d e x (  c o u n t  *  ( a  -  e 2 i _ 2 [ b  +  a r r a y o f f ] )  +  e 2 i _ i [ b  +  
a r r a y o f f ]  )  ) ;
}
/*
T h i s  f u n c t i o n  u s e s  t h e  r e d u c e d r o w  d a t a  f r o m  t h e  l e v e l  2  r e d u c t i o n  t o  
t r a n s l a t e  t h e  e x p o n e n t s  i n t o  a  S B D  v a l u e .
*/
i n t  m a p  : :  e x p o n e n t s t o i n d e x _ a l g o r (  i n t  e 2 ,  i n t  e n  )
{
/*  */
i n t  i  ;  
i n t  k  =  0  ;  
i n t  m 2  ;  
i n t  m n ;  
i n t  l o w e r ;  
i n t  u p p e r ;  
i n t  r o w ;  
i n t  c o l u m n ;  
i n t  n 2 ;  
i n t  j  ;
i n t  h e i g h t  =  h e i g h t 2 ;  
i n t  d 2  =  d e l 2 2 ;  
i n t  d n  =  d e l n 2 ;
/*  */
/ *  C o p y  t h e  i n d i c e s ,  r e m o v e  t h e  n e g a t i v e  o n  t h e  s e c o n d  b a s e  o n e  * /  
m 2  =  e  2  ;
m n  =  e n  +  a r r a y o f f ;
/ *  P e r f o r m  m a t h e m a t i c a l  o p e r a t i o n  b a s e d  o n  t h e  l e v e l  2  d i v i s o r  * /
u p p e r  =  m n  /  d n ;
l o w e r  =  m n  %  d n ;
/ *  T h i s  i s  a  s a n i t y  c h e c k  * /
i f (  l o w e r  >  r e d u c e 2 r o w s  )
{
r e t u r n  0 ;
}
/*
*  T r y  t o  s i m u l a t e  a n d  R A L U T  w i t h  t h e  f o l l o w i n g  c o d e
*  I f  t h e r e  i s  m o r e  t h a n  o n e  r o w  f o r  t h i s  l o w e r ,  s e a r c h  t h e m  a l l  i n
*  s e q u e n c e  
*/
i f (  r e d u c e 2 i t e m s [ l o w e r ]  >  1  )
{
/ *  J  i s  o u r  s o l u t i o n  * /  
j  =  0 ;
f o r (  i  =  0 ;  i  <  r e d u c e 2 i t e m s [ l o w e r ] ;  i + +  )
{
i f (  u p p e r  > =  r e d u c e 2 e n t s [ l o w e r ] [ i ] . u p p e r  )
{
/ *  E a c h  t i m e  w e  a r e  g r e a t e r  t h a n  o r  e q u a l  t o  t h e  v a l u e ,  u p d a t e  J  * /
j  =  i ;
}
}
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/ *  J  i s  o u r  r o w  * /
i  =  j ;
}
e l s e
{
i  =  0 ;
}
/ *  G e n e r a t e  t h e  r e l a t i v e  c o l u m n  * /
c o l u m n  =  u p p e r  -  r e d u c e 2 e n t s [ l o w e r ] [ i ] . u p p e r ;
/ *  G e n e r a t e  t h e  e x p o n e n t  o f f s e t  * /
n 2  =  e 2  -  (  r e d u c e 2 e n t s  [ l o w e r ]  [ i ]  . e 2  +  d 2  *  c o l u m n  ) ;  
/ *  G e n e r a t e  t h e  c o l u m n  * /
c o l u m n  =  c o l u m n  +  r e d u c e 2 e n t s [ l o w e r ] [ i ] . c o l u m n ;
/ *  G e n e r a t e  t h e  r o w ,  i t  i s  j u s t  s t o r e d  * /  
r o w  =  r e d u c e 2 e n t s [ l o w e r ] [ i ] .  r o w ;
/ *  R e t u r n  t h e  S B D  v a l u e  * /
r e t u r n  c o l u m n  *  h e i g h t  +  r o w  +  n 2  *  t o t a l ;
}
/*
T h i s  f u n c t i o n  f i n d s  t h e  S B D  v a l u e  o f  a  r e a l  n u m b e r  t h e  s l o w  w a y  u s i n g  
b s e a r c h  ( b i n a r y  s e a r c h  o f  s o r t e d  d a t a ) .  I t  i s  i n t e n d e d  f o r  t h e  
d e v e o p l e n t a l  a d d i t i o n / s u b t r a c t i o n  a l g o r i t h m .
*/
i n t  m a p  : :  s l o w f i n d i n d e x (  d o u b l e  i v a l ,  d o u b l e  * d i v  )
{
/*---------------
i n t  i  ;
i n t  j  ;
i n t  k  =
d o u b l e  v a l  
d o u b l e  e l ;  
d o u b l e  e 2 ;  
d o u b l e  e ;  
i d x t a b l e  t ;  
i d x t a b l e  * r ;
/* ---------------
/ *  r e f e r  t o  s l o w f i n d s e q u e n c e  f o r  a l l  t h e  d e t a i l s  * /  
i f { i v a l  )
{
/ *  p r i n t f ( " A s k e d  t o  f i n d  0 ! \ n " ) ;  * /
r e t u r n  (  i n t  )  - b i g n u m ;
}
v a l  =  n o r m a l i z e (  i v a l ,  & k  ) ;  
t . v  =  v a l ;
r  =  (  i d x t a b l e  *  )  b s e a r c h  
(
(  c o n s t  v o i d  *  )  & t ,
0 ;
=  i v a l ;
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(  c o n s t  v o i d  *  )  i d x ,  
t o t a l  +  1 ,  
s i z e o f ( i d x t a b l e ) ,  
i d x t a b l e c o m p a r e
) ;
i f  (  r  )
{
i  =  r  -  i d x ;
i  =  i  +  k  *  t o t a l ;
e l  =  0 ;  
o t h e r  =  0  ;
}
e l s e
{
i  =  i d x t s  -  i d x ;
e l  =  i d x [ i ] . v  -  v a l ;
i f (  v a l  <  i d x [ i ] . v  )
{
j  =  i  -  1 ;
}
e l s e
{
j  =  i  +  1 ;
}
e 2  =  i n d e x v a l u e (  j  )  -  v a l ;
e  =  f a b s  (  e 2  )  -  f a b s (  e l  ) ;
i f  (  f a b s (  e  )  <  l e - 1 0  )
{
e  =  j  -  i ;
}
i f (  e  <  0  )
{
o t h e r  =  e l ;  
e l  =  e 2 ;
i  =  j  ;
}
e l s e
{
o t h e r  =  e 2 ;
}
/ *  p r i n t f ( "  % d \ t " , i ) ;  * /  
i  =  i  +  k  *  t o t a l ;
}
i f ( d i v  )
{
* d i v  =  m y _ l d e x p (  e l ,  k  ) ;
}
o t h e r  =  m y _ l d e x p (  o t h e r ,  k  ) ;
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/ *  p r i n t f ( " L o o k i n g  f o r :  % l f ,  f o u n d  % l f  [ % d ] \ n " , i v a l , i n d e x v a l u e ( i ) , i ) ;  * /  
r e t u r n  i ;
}
/*
T h i s  f u n c t i o n  r e t u r n s  a  f i l e  n a m e  b a s e d  o n  t h e  p r e f i x  a n d  s u f f i x  s e t  
d u r i n g  c l a s s  i n i t i a l i z a t i o n .
*/
c h a r  * m a p  : :  f i l e n a m e (  c h a r  * n a m e  )
{
/*-------------------*/
c h a r  * r e t ;  
c h a r  t c h a r  [ 2 5 6 ] ;
/* -------------------*/
/ *  P r i n t  t h e m  i n t o  a  t e m p o r a r y  s t r i n g  * /
s p r i n t f (  t c h a r ,  " % s % s % s " ,  f i l e n a m e p r e f i x ,  n a m e ,  f i l e n a m e s u f f i x  ) ;
/ *  A l l o c a t e  t h e  n e w  s p a c e  * /
r e t  =  n e w  c h a r [ s t r l e n (  t c h a r  )  +  1 ] ;
/ *  C o p y  i t  * /  
s t r c p y (  r e t ,  t c h a r  ) ;
/ *  R e t u r n  t h e  p o i n t e r  * /  
r e t u r n  r e t ;
}
A.2.1.6 map_init.cpp
/ * $ 6
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
T h i s  c o d e  i n i t i a l i z e s  t h e  m a p  c l a s s .  I t  g e n e r a t e s  t h e  s e q u e n c e s  
i n i t i a l l y  a n d  l a t e r  t h e  S B D  v a l u e s  t o o .  
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
* /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  " m a p . h "
# i n c l u d e  " m a p _ f u n c t i o n s . h "  
# i n c l u d e  " m a p _ i n l i n e s . h "
C o n s t r u c t i o n
* /
m a p  : :  m a p (  d o u b l e  i b a s e ,  i n t  i b i t s 2 ,  i n t  i b i t s ,  i n t  z e r o  ) 
{
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/ * ------------------- ---------------* /
i n t i  ;
i n t j  ;
i n t d 2  ;
i n t d n ;
d o u b l e s i  ;
d o u b l e s 2  ;
d o u b l e l o g x ;
/ *  * /
/ *  A b o r t  i f  t h e  e x t e r n a l  b i t s  i s  m o r e  t h a n  t h e  i n t e r n a l  b i t s  * /  
i f  (  i b i t s 2  >  i b i t s  )
{
d e l e t e  t h i s ;  
r e t u r n ;
}
b a s e  =  i b a s e ;  
b i t s  =  i b i t s ;  
b i t s 2  =  i b i t s 2 ;  
l o g 2  =  l o g (  2  ) ;  
l o g n  =  l o g (  b a s e  ) ;  
l o g x  =  l o g n  /  l o g 2 ;
z e r o m o d e  =  0 ;  
v _ t w o b i t m o d e  =  1 ;  
i f  (  ! z e r o  )
{
z e r o m o d e + + ;  
v _ t w o b i t m o d e - - ;
}
/ *  S e t u p  a r r a y  b o u n d s  * /
a r r a y o f f  =  (  i n t  )  p o w (  2 ,  b i t s  -  1  ) ;
l i m l o w  =  - a r r a y o f f  +  z e r o m o d e ;
l i m h i g h  =  a r r a y o f f  -  1 ;
l i m  =  - l i m l o w  +  l i m h i g h  +  1 ;
m a x  =  m a x 2  =  (  i n t  )  - p o w (  2 ,  3 1  ) ;
m i n  =  m i n 2  =  (  i n t  )  p o w (  2 ,  3 1  )  -  1 ;
a r r a y o f f  =  a r r a y o f f  -  z e r o m o d e ;
a r r a y o f f 2  =  (  i n t  )  p o w (  2 ,  b i t s 2  -  1  ) ;  
l i m l o w 2  =  - a r r a y o f f 2  +  z e r o m o d e ;  
l i m h i g h 2  =  a r r a y o f f 2  -  1 ;  
l i m 2  =  - l i m l o w 2  +  l i m h i g h 2  +  1 ;  
a r r a y o f f 2  =  a r r a y o f f 2  -  z e r o m o d e ;
c o u n t  =  0 ;  
i n c c o u n t  =  0 ;
m a x o p t i o n s  =  2 0 ;
s e q  =  n e w  t a b l e [ l i m  +  1 ] ;
i n c  =  n e w  t a b l e  [ 3 ] ;
u s e d  =  NULL;  
i n d e x  =  N U L L ;  
i d x  =  N U L L ;  
c o l t a b  =  N U L L ;
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r o w t a b  =  N U L L ;
r e d u c e 2 r o w s  =  0 ;  
r e d u c e 2 i t e m s  =  N U L L ;  
r e d u c e 2 e n t s  =  N U L L ;
i n c l i s t  =  N U L L ;  
i n c t o t a l  =  N U L L ;
a d d l u t  =  N U L L ;  
s u b l u t  =  N U L L ;
/ *  A b o r t  i f  n o  m e m o r y  * /  
i f (  ! s e q  | |  ! i n c  )
{
d e l e t e  t h i s ;  
r e t u r n ;
}
/ *
*  C o m p u t e  t h e  c o r e  2 D L N S  s e q u e n c e
*  S e t  c o u n t e r  t o  z e r o  
* /
c o u n t  =  0 ;
/ *  L o o p  t h r o u g h  a l l  s e c o n d  b a s e  i n d i c i e s  * /  
f o r t  i  =  l i m l o w ;  i  < =  l i m h i g h ;  i + +  )
{
/ *  F i n d  t h e  f i r s t  b a s e  i n d e x  * /  
s i  =  l o g x  *  i ;  
s 2  =  - f l o o r (  s i  ) ;  
j  =  (  i n t  )  s 2 ;
/ *  G e n e r a t e  t h e  c o r e  e n t r y  * /
s e q [ c o u n t ] . v  =  e x p (  l o g 2  *  j  +  l o g n  *  i  ) ;
s e q [ c o u n t ] . e 2  =  j ;
s e q [ c o u n t ] . e n  =  i ;
s e q [ c o u n t ] . r e v  =  0 ;
/ *
*  C h e c k  t o  s e e  i f  i t  h a s  t h e  l a r g e s t / s m a l l e s t  f i r s t  b a s e  (  i n t e r n a l
* )
* /
i f f  s e q [ c o u n t ] . e 2  >  m a x  )
{
m a x  =  s e q [ c o u n t ]  . e 2  ;
}
i f (  s e q [ c o u n t ] . e 2  <  m i n  )
{
m i n  =  s e q  [ c o u n t ]  . e 2 ;
}
/ *
*  C h e c k  t o  s e e  i f  i t  h a s  t h e  l a r g e s t / s m a l l e s t  f i r s t  b a s e  ( e x t e r n a l
* )
* /
i f (  i  > =  l i m l o w 2  & &  i  < =  l i m h i g h 2  )
{
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i f f  s e q [ c o u n t ] . e 2  >  m a x 2  )
{
m a x 2  =  s e q [ c o u n t ] .  e 2 ;
}
i f f  s e q [ c o u n t ] . e 2  <  m i n 2  )
{
m i n 2  =  s e q [ c o u n t ] .  e 2 ;
}
}
/ *  I n c r e m e n t  t h e  c o u n t e r  * /  
c o u n t + + ;
}
/ *  S o r t  t h e  v a l u e s  * /  
t c e q u a l  =  0 ;
q s o r t (  (  c h a r  *  )  s e q ,  c o u n t ,  s i z e o f ( t a b l e ) ,  t a b l e c o m p a r e  ) ;
/ *  I f  a c c u r a c y  i s  l o s t ,  s a y  s o  * /  
i f  (  t c e q u a l  )
{
p r i n t f (  " #  L o s t  a c c u a r c y  % d  t i m e s . \ n " ,  t c e q u a l  ) ;
}
/ *  A d d  e n t r y  f o r  2 . 0  * /  
s e q [ c o u n t ] . e n  =  s e q [ 0 ] . e n ;  
s e q [ c o u n t ] . e 2  =  s e q [ 0 ] . e 2  +  1 ;  
s e q [ c o u n t ] . v  =  s e q [ 0 ] . v  *  2 ;
/ *
*  F i n d  t h e  d e l t a s  i n  t h e  s e q u e n c e
*  S e t u p  c o u n t e r  f o r  t h e  f i r s t  c o m p a r i s o n  
* /
j  =  0 ;
/ *  L o o p  t h r o u g h  t h e  c o r e  2 D L N S  s e q u e n c e  * /  
f o r f  i  =  0 ;  i  <  c o u n t ;  i + +  )
{
/ *  F i n d  t h e  d i f f e r e n c e  i n  t h e  i n d i c i e s  * /
d 2  =  s e q [ i  +  1 ] . e 2  -  s e q [ i ] . e 2 ;
d n  =  s e q [ i  +  1 ] . e n  -  s e q [ i ] . e n ;
/ *  S k i p  c o m p a r i s o n  i f  n o  d e l t a s  h a v e  b e e n  s t o r e d  * /
i f f  i n c c o u n t  ! =  0  )
{
/ *  C h e c k  t o  s e e  i f  i t  i s  e q u a l  t o  o n e  o f  t h e  o t h e r s  * /  
f o r f  j  = 0 ;  j  <  i n c c o u n t ;  j + +  )
{
i f f  d 2  = =  i n c [ j ] . e 2  & &  d n  = =  i n c [ j ] . e n  )
{




/ *  I f  n o t  e q u a l  a d d  o n e  * /
i f  ( i n c c o u n t  = = 0  | | j  > =  i n c c o u n t  )
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{
/ *  T h e r e  s h o u l d  b e  n o  m o r e  t h a n  3  d e l t a s  i n  2 D L N S  * /  
i f (  j  = =  3  )
{
d e l e t e  t h i s ;  
r e t u r n ;
}
/ *  A d d  t h e  v a l u e s  * /  
i n c  [ i n c c o u n t ]  . e 2  =  d 2 ;  
i n c  [ i n c c o u n t ]  . e n  =  d n ;
i n c [ i n c c o u n t ] . v  =  e x p (  l o g 2  *  i n c [ i n c c o u n t ] . e 2  +  l o g n  *  i n c [ i n c c o u n t ] . e n
) ;
i n c [ i n c c o u n t ] . r e v  =  1 ;
/ *  I n c r e m e n t  t h e  c o u n t e r  * /  
i n c c o u n t + + ;
}
e l s e
{
/ *  I f  i t s  f o u n d ,  i n c r e m e n t  t h e  u s a g e  c o u n t e r  * /  
i n c  [ j ]  . r e v + + ;
}
}
/ *  O u t p u t  t h e  n u m b e r  o f  d e l t a s ,  i t  c a n  b e  t w o  s o m e t i m e s  * /  
p r i n t f  (  " #  i n c c o u n t = % d \ n " ,  i n c c o u n t  ) ;
/ *  S o r t  t h e  d e l t a s  * /
q s o r t  (  (  c h a r  *  )  i n c ,  i n c c o u n t ,  s i z e o f ( t a b l e ) ,  t a b l e c o m p a r e  ) ;
/ *  P r i n t  t h e m  o u t  * /
f o r (  i  =  0 ;  i  <  i n c c o u n t ;  i + +  )
{
p r i n t f
(
"#  % d \ t % d \ t % d \ t % l f \ t % d \ n " ,  
i ,
i n c  [ i ]  . e 2 ,  
i n c  [ i ]  . e n ,  
i n c  [ i ]  . v ,  




*  G e n e r a t e  f a s t  s e q u e n c e  f i n d e r  d a t a
*  B a s e  t h e  n u m b e r  o f  e n t r i e s  o n  t h e  s m a l l e s t  d e l t a  
*/
f f f a c t o r  =  i n c [ 0 ] . v  -  1 ;
/ *  I n v e r t  t o  f i n d  t h e  n u m b e r  o f  e n t r i e s ,  a d d  2  t o  b e  s a f e r  * /
d n  =  (  i n t  )  (  1  /  f f f a c t o r  )  +  2 ;
/ *  R e p o r t  i t  * /
p r i n t f (  " #  d n = % d ,  " ,  d n  ) ;
/ *  F i n d  t h e  n e x t  h i g h e s t  p o w e r  o f  2  * /
d n  =  (  i n t  )  p o w (  2 ,  c e i l (  l o g (  d n  )  /  l o g 2  )  ) ;
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/ *  R e m e m b e r  f o r  l a t e r  * /  
f f f a c t o r  =  (  d o u b l e  )  d n ;
/ *  R e p o r t  t h e  n e w  e n t r i e s  * /  
p r i n t f (  " #  d n = % d \ n " ,  d n  ) ;
/ *  I n i t i a l i z e  t h e  l o o k u p  * /  
f f i n d  =  n e w  i n t [ d n  +  1 ] ;
j  =  0 ;
/ *  G e n e r a t e  t h e  f a s t  f i n d  b y  u s i n g  t h e  s l o w  f i n d  * /
f o r (  i  =  0 ;  i  < =  d n ;  i + +  )
{
/ *  G e n e r a t e  t h e  v a l u e  * /
s i  =  (  d o u b l e  )  (  i  /  f f f a c t o r  )  +  1 . 0 ;
i f (  f a b s (  s i  -  s e q [ j ] . v  )  >  f a b s (  s i  -  s e q [ j  +  1 ] . v  )  )
{




*  F i n d  i t  a n d  s t o r e  t h e  i n d e x
*  f f i n d [  i  ]  =  s l o w f i n d s e q u e n c e (  s i ,  N U L L  ) ;
*/
f f i n d [ i ]  =  j ;
}
/ *  G e n e r a t e  a  l i s t  o f  p o s s i b l e  S B D  t o t a l s  * /  
n u m o p t i o n s  =  0 ;
/* ---------------*/
# i f d e f  n o c o m p i l e  
/*
*  T h e  f o l l o w  c o d e  w a s  u s e d  t o  s e e  w h i c h  v a l u e  o f  " m "  w e r e  p o s s i b l e  b y
*  t r y i n g  t o  f i t  i n  t h e  s e q u e n c e  v a l u e s  i n t o  t h e  S B D .  W e  m a y  s t i l l  u s e
*  t h i s  l a t e r .
*/
i n t  i n c t e m p [ 3 ] ;
/* ---------------*/
i n c l i s t  =  n e w  i n t  *  [ m a x o p t i o n s ] ;  
i n c t o t a l  =  n e w  i n t [ m a x o p t i o n s ] ;
f o r (  s 2  =  1 ;  s 2  <  b i g n u m ;  s 2  =  s 2  +  0 . 0 0 0 1  )
{
s i  =  s 2  /  (  i n c [ l ] . e 2  +  i n c [ l ] . e n  *  l o g x  ) ;
f o r {  i  =  0 ;  i  <  i n c c o u n t ;  i + +  )
{
i n c t e m p f i ]  =  ( i n t  )  f l o o r (  ( i n c [ i ] . e 2  +  i n c [ i ] . e n  *  l o g x )  *  s i  +  0 . 5  ) ;  
i f  (  i n c t e m p f i ]  <  1  )
{
i n c t e m p f i ]  =  1 ;
}
}
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i  =  0 ;
i f  (  n u m o p t i o n s  )
{
f o r (  i  =  0 ;  i  <  i n c c o u n t ;  i + +  )
{
i f (  i n c t e m p [ i ]  1 =  i n c l i s t t n u m o p t i o n s  -  1 ] [ i ]  )
{




i f (  i  <  i n c c o u n t  )
{
i n c l i s t  [ n u m o p t i o n s ]  =  n e w  i n t [ i n c c o u n t ]  ;  
i n c t o t a l [ n u m o p t i o n s ]  =  0 ;  
p r i n t f (  " #  % d \ t " ,  n u m o p t i o n s  ) ;  
f o r (  i  =  0 ;  i  <  i n c c o u n t ;  i + +  )
{
i n c l i s t [ n u m o p t i o n s ] [ i ]  =  i n c t e m p [ i ] ;
i n c t o t a l [ n u m o p t i o n s ]  + =  i n c t e m p [ i ]  *  i n c [ i ] . r e v ;
p r i n t f (  " % d \ t " ,  i n c t e m p [ i ]  ) ;
}
d 2  =  i n c t o t a l [ n u m o p t i o n s ] ;  
j  =  0 ;
w h i l e (  d 2  >  0  )
{
i f (  d 2  &  1  )
{
j + + ;
}
d 2  =  d 2  > >  1 ;
}
p r i n t f (  " [ % d , % d ] \ n " ,  i n c t o t a l [ n u m o p t i o n s ] ,  j  ) ;  
n u m o p t  i  o n s + + ;
i f (  n u m o p t i o n s  > =  m a x o p t i o n s  )
{




# e n d i f
/ *  G e n e r a t e  f a s t  e x p o n e n t  t o  s e q u e n c e  m a p p e r  * /  
e 2 i _ i  =  n e w  i n t [ c o u n t ] ;  
e 2 i _ 2  =  n e w  i n t [ c o u n t ] ;
f o r t  i  =  0 ;  i  <  c o u n t ;  i + +  )
{
e 2 i _ i  [ s e q [ i ]  . e n  +  a r r a y o f f ]  =  i ;
e 2 i _ 2 [ s e q [ i ] . e n  +  a r r a y o f f ]  =  s e q [ i ] . e 2 ;
}
t o t a l  =  0 ;
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/*
*  I n i t i a l i z e  v e r i l o g  d a t a
*  s e t  f i r s t b a s e b i t s  f o r  a  2 4  b i t  s y s t e m  
*/
v _ f i r s t b a s e b i t s  =  (  i n t  )  c e i l (  l o g (  m a x 2  +  2 4  )  /  l o g 2  )  +  1 ;
v _ s e c o n d b a s e b i t s  =  b i t s 2 ;
v _ e x p f i r s t b a s e b i t s  =  0 ;
v _ s b d l o w b i t s  =  0 ;
v _ t o t a l  =  0 ;
v _ s b d h i g h b i t s l i m i t  =  0 ;
v _ s b d f i r s t b a s e b i t s  =  0 ;
v _ a d d t a b l e s i z e  =  0 ;
v _ s u b t a b l e s i z e  =  0 ;
f i l e n a m e p r e f i x  =  N U L L ;
f i l e n a m e s u f f i x  =  N U L L ;
/ *  O t h e r  i n i t a l  v a l u e s  * /  
r e t r i e s  =  5 ;  
f p m u l t  =  5 1 2 ;  
s m a r t s e a r c h  =  0 ;
r e t u r n ;
}
/*
C l e a n  u p  t h e  m e m o r y  a l l o c a t e d  i n  t h e  c o n s t r u c t o r
*/
v o i d  m a p  : :  _ c l e a n (  v o i d  )
{
/* — */
/ *  D e l e t e  a l l  m e m o r y  a l l o c a t e d  i n  t h e  c o n s t r u c t o r  * /  
i n t  i ;
/* — */
i f (  n u m o p t i o n s  )
{
f o r (  i  =  0 ;  i  <  n u m o p t i o n s ;  i + +  )
{
d e l e t e  i n c l i s t  [ i ]  ;
}
f (  i n c l i s t  ) 
d e l e t e  i n c l i s t ;
f (  i n c t o t a l  )  
d e l e t e  i n c t o t a l ;
b a s e  =  0 ;  
b i t s  =  0 ;  
i f (  s e q  ) 
{
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d e l e t e  s e q ;  
s e q  =  0 ;
}
i f (  i n c  )
{
d e l e t e  i n c ;  
i n c  =  0 ;
}
d e l e t e  e 2 i _ i ;  
d e l e t e  e 2 i _ 2 ;
d e l e t e  f i l e n a m e p r e f i x ;  
d e l e t e  f i l e n a m e s u f f i x ;
}
/*
D e s t r u c t o r ,  c a l l  a l l  t h e  c l e a n i n g  f u n c t i o n s .
*/
m a p  : :  - m a p (  v o i d  )
{
/ *  D e l e t e  a l l  a l l o c a t e d  m e m o r y  i n  o b j e c t  * /  
a d d s u b _ c l e a n ( ) ;  
r e d u c t i o n _ c l e a n ( ) ;  
g e n e r a t e _ c l e a n ( ) ;
_ c l e a n ( ) ;
}
/*
G e n e r a t e s  t h e  S B D  v a l u e s
*/
i n t  m a p  : :  g e n e r a t e (  i n t  o p t i o n ,  d o u b l e  * g o o d  ) 
{
/ * ------------------- ----------------------* /
i n t i
i n t j
i n t k
d o u b l e f
d o u b l e z
d o u b l e e
d o u b l e g o o d n e s s ;
/*  */
/ *  S e t  o u r  m a p p i n g  s p a c e  t o  z e r o  r i g h t  n o w  * /  
t o t a l  =  0 ;
/ *  B a i l  i f  t h e  s e q u e n c e  w a s  n e v e r  g e n e r a t e d  p r o p e r l y  * /  
i f  (  ! c o u n t  )
{
r e t u r n  1 ;
}
/ *  C l e a n  u p  a n y  d a t a  f r o m  a  p r e v i o u s  g e n e r a t i o n  * /  
g e n e r a t e _ c l e a n ( ) ;
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t o t a l  =  o p t i o n ;
/ *  A l l o c a t e  m e m o r y  f o r  t h e  S B D  d o m a i n  * /  
u s e d  =  n e w  c h a r  [ t o t a l ] ;  
i n d e x  =  n e w  i n t  [ t o t a l ] ;
/ *  B a i l  o u t  c o m p l e t e l y  i f  n o  m e m o r y  * /  
i f (  l u s e d  | |  ! i n d e x  )
{
d e l e t e  t h i s ;  
r e t u r n  1 ;
}
/ *  I n i t i a l i z e  m a p s  * /  
f o r t  j  = 0 ;  j  <  t o t a l ;  j + +  )
{
u s e d [ j ]  =  0 ;  
i n d e x [ j ]  =  0 ;
}
/*
*  G e n e r a t e  t h e  S B D  i n d e x  t a b l e
*  S e t u p  s o m e  c o n s t a n t s  
*/
z  =  l o g (  b a s e  )  /  l o g 2 ;  
f  =  (  d o u b l e  )  o p t i o n ;
/ *  R e s e t  o u r  g o o d n e s s  f a c t o r  * /  
g o o d n e s s  =  0 ;
f o r (  i  =  0 ;  i  <  c o u n t ;  i + +  )
{
/ *  G e n e r a t e  t h e  S B D  v a l u e  * /  
e  =  (  s e q [ i ] . e 2  +  s e q [ i ] . e n  *  z  )  *  f ;
/ *  M a k e  i t  a n  i n t e g e r  * /  
j  =  (  i n t  )  f l o o r (  e  +  0 . 5  ) ;
/ *  I f  t h e  S B D  i n d e x  i s  a l r e a d y  u s e d  q u i t  * /  
i f (  u s e d [ j ]  )
{
r e t u r n  1 ;
}
/ *  M a r k  i t  a s  u s e d  * /  
u s e d [ j ]  =  1 ;
/ *  S e t  a  p o i n t e r  b a c k  t o  t h e  s e q u e n c e  v a l u e  * /  
i n d e x [ j ]  =  i ;
/ *  S e t  a  s e q u e n c e  p o i n t e r  b a c k  t o  t h e  S B D  i n d e x  * /  
s e q [ i ] . r e v  =  j ;
/*
*  A d d  t h e  d i f f e r e n c e  b e t w e e n  t h e  i n t e g e r  a n d  r e a l  t o  t h e  g o o d n e s s
*  f a c t o r  
*/
g o o d n e s s  =  g o o d n e s s  +  f a b s (  e  -  j  ) ;
Software Addition/Subtraction/Reduction Table Generator
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
287
University o f W indsor
/*
*  p r i n t f (
*  " % d , % d , % l f , % l f , % d , % d , % l f \ n " , i , j , e , e - j , s e q [ i ] . e 2 , s e q [ i ] . e n , g o o d n e s s / (
*  d o u b l e  )  c o u n t  ) ;
*/
/ *  F i l l  i n  e m p t y  S B D  e n t r i e s  w i t h  t h e  c l o s e s t  v a l u e  * /  
f o r (  j  = 0 ;  j  <  t o t a l ;  j + +  )
{
/ *  S k i p  u s e d  e n t r i e s  * /  
i f (  u s e d [ j ]  )
{
c o n t i n u e ;
}
/ *  C a l c u l a t e  t h e  e s t i m a t e d  v a l u e  * /  
e  =  p o w (  2 ,  (  d o u b l e  )  j  /  t o t a l  ) ;
/ *  F i n d  t h e  c l o s e s t  e n t r y  * /  
i  =  f i n d s e q u e n c e (  e ,  & z  ) ;
/ *  S e t  t h e  S B D  i n d e x ;  n o  r e v e r s e  e n t r y  * /  
i n d e x [ j ]  =  i ;
/ *  p r i n t f (  " % d , % d , % l f , % l f \ n " , j , i , z , o t h e r  ) ;  * /
}
/*
*  i  =  0 ;  f o r (  j  = 0 ;  j  <  t o t a l  ;  j + +  )  {  e  =  p o w (  2 ,  (  d o u b l e  )  j
*  t o t a l  ) ;  i f (  i  <  c o u n t  & &  f a b s (  e  -  s e q [  i  ] . v  )  >  f a b s (  e  -  s e q [  i
*  +  1  ] . v  )  )  i + + ;  i f (  i n d e x [  j  ]  ! =  i  )  {  p r i n t f (  " n o t :  % d  % d \ n " ,
*  i n d e x [  j  3 ,  i  ) ;  }  }
*  F i n d  t h e  u p p e r  a n d  l o w e r  b o u n d s  f o r  a  s e q u e n c e  v a l u e  a s  i t
*  c o r r e s p o n d s  t o  i t s  S B D  i n d e x  
*/
f o r (  i  =  0 ;  i  <  c o u n t ;  i + +  )
{
/ *  G e t  t h e  S B D  i n d e x  o f  a  t h e  s e q u e n c e  * /  
j  =  s e q [ i 3 - r e v ;
/ *  F i n d  ( o n  t h e  l o w e r  s i d e )  w h e n  i t  c h a n g e s  * /  
w h i l e (  m o d (  i n d e x [ m o d (  j ,  t o t a l  ) ] ,  c o u n t  )  = =  i  )
{
j - - ;
}
/ *  S t o r e  i t  * /  
s e q [ i ] . i s  =  j  +  1 ;
/ *  A g a i n ,  f o r  t h e  u p p e r  s i d e  * /  
j  =  s e q [ i ] . r e v ;
w h i l e (  m o d (  i n d e x  [ m o d (  j ,  t o t a l  ) ] ,  c o u n t  )  = =  i  )
{
j + + ;
}
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s e q [ i ]  . i e  =  j  -  1  ;
/ *  p r i n t f ( " = =  % d  % d  % d \ n " , i , s e q  [ i ]  . i s , s e q [ i ]  . i e  ) ;  * /
}
/*
*  S e t  t h e  l a s t  v a l u e  t o  t h e  f i r s t  p l u s  t h e  t o t a l  e n t r i e s
*  F o r  c y c l i c  c o n n e c t i v i t y  
*/
s e q [ i ] . i s  =  s e q [ 0 ] . i s  +  t o t a l ;  
s e q [ i ] . i e  =  s e q [ 0 ] . i e  +  t o t a l ;
/*
*  C r e a t e  a  c h a n g a b l e  m a p p e r  f r o m  t h e  S B D  t o  t h e  s e q u e n c e  d o m a i n
*  T h i s  i s  u s e d  i n  t h e  a d d / s u b  d e v e l o p m e n t  c o d e  ( a d d / s u b  w i t h  f u l l  S B D
*  i n d i c e s )
*  A l l o c a t e  t h e  t a b l e  
*/
i d x  =  n e w  i d x t a b l e [ t o t a l  +  1 } ;
/ *  I n i t i a l i z e  t h e  t a b l e  * /  
f o r (  i  =  0 ;  i  <  t o t a l  +  1 ;  i + +  )
{
i d x [ i ] . v  =  0 ;  
i d x [ i ] . r e v  =  - 1 ;  
i d x [ i ] . c h a n g e s  =  0 ;
}
/ *  F i l l  t h e  t a b l e s  w i t h  t h e  S E Q U E N C E  v a l u e s  f i r s t  * /  
f o r (  i  =  0 ;  i  <  c o u n t  +  1 ;  i + +  )
{
/ *  F i n d  t h e  c l o s e s t  S B D  v a l u e  * /  
e  =  l o g ( s e q [ i ] . v  )  /  l o g 2  *  t o t a l ;
/ *  G e t  t h e  i n t e g e r  * /  
j  =  (  i n t  )  f l o o r (  e  +  0 . 5  ) ;
/ *  S e t  t h e  v a l u e  * /  
i d x [ j ] . v  =  s e q [ i ] . v ;
/ *  A d d  a  l o o k u p  t o  t h e  s e q u e n c e  * /  
i d x  [  j ]  . r e v  =  i ;
}
/*
*  I n t e r p o l a t e  i n b e t w e e n  t h e  S E Q U E N C E  v a l u e s  t o  c o m p l e t e  t h e  S B D
*  l o o k u p  
*/
f o r (  i  =  0 ;  i  <  t o t a l ;  i + +  )
{
/ *  F i n d  t h e  n u m b e r  o f  g a p s  b e t w e e n  a  s e q u e n c e  v a l u e  a n d  t h e  n e x t  * /
j  =  1 ;
w h i l e (  i  +  j  <  t o t a l  & &  i d x [ i  +  j ] . r e v  <  0  )
{
j + + ;
}
/ *  S k i p  i n t e r p o l a t i n g  i f  t h e  g a p  i s  1  * /  
i f  (  j  = =  1  )
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{
c o n t i n u e ;
}
/ *  A  c o n s t a n t  u s e d  l a t e r  * /
e  =  p o w ( 2 ,  ( (  d o u b l e  )  i )  /  (  d o u b l e  )  t o t a l  ) ;
/ *  D e t e r m i n e  t h e  s c a l i n g  f a c t o r  * /
f  =  (  i d x [ i  +  j ] . v  -  i d x [ i ] . v  )  /  (  p o w ( 2 ,  ( d o u b l e  )  ( i  +  j )  /  (  d o u b l e  )
t o t a l  )  -  e  ) ;
/*
*  A p p l y  t h e  s c a l i n g  f a c t o r  t o  a l l  v a l u e s  i n b e t w e e n  t h e  t w o
*  s e q u e n c e s  
*/
f o r ( k = i + l ; k < i + j ;  k + +  )
{
i d x  [ k ]  . v  =  (  p o w (  2 ,  (  d o u b l e  )  k  /  (  d o u b l e  )  t o t a l  )  -  e  )  *
f  +
i d x [ i ] . v ;
}
/ *  M o v e  t o  t h e  n e x t  s e q u e n c e  * /  
i  =  i  +  j  -  1 ;
}
/ *  O u t p u t  t h e  g o o d n e s s  f a c o t o r  * /
p r i n t f  (  " #  G o o d n e s s [ % d ] = % l f \ n " ,  o p t i o n ,  g o o d n e s s  ) ;
/ *  I f  w e  h a v e  a  p o i n t e r ,  s e t  i t  t o  t h e  g o o d n e s s  f a c t o r  * /  
i f (  g o o d  )
{
* g o o d  =  g o o d n e s s ;
}
/ *  R e t u r n  o k a y  * /  
r e t u r n  0 ;
}
/*
C l e a n  u p  t h e  S B D  d a t a ;  u s e d  w h e n  o u r  c h o i c e  o f  m  w a s  w r o n g .
*/
v o i d  m a p  : :  g e n e r a t e _ c l e a n (  v o i d  )
{
/ *  C l e a n  u p  r e d u c t i o n  d a t a  * /  
r e d u c t i o n _ c l e a n ( ) ;
/ *  R e m o v e  a l l  m e m o r y  a l l o c a t e d  w i t h  t h e  g e n e r a t e  f u n c t i o n  * /  
i f (  u s e d  )
{
d e l e t e  u s e d ;
}
u s e d  =  0 ;  
i f (  i n d e x  )
{
d e l e t e  i n d e x ;
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}
i n d e x  =  0 ;  
i f f  i d x  )
{
d e l e t e  i d x ;
}
i d x  =  0 ;
}
/*
S e t u p  s o m e  e x t r a  p a r a m e t e r s ,  p a t h s ,  o u t p u t  b i t s ,  e t c .
*/
v o i d  m a p  : :  s e t p a r a m s  
(
c h a r  * i n p u t p a t h ,  
c h a r  * i n p u t s u f f i x ,  
i n t  f p b i t s ,  
i n t  t r i e s ,  
i n t  s e a r c h ,  




/ *  C o p y  i n  p a r a m e t e r s  * /  
c h a r  t c h a r [ 2 5 6 ] ;
/* -------------------*/
/ *  G e n e r a t e  p r e f i x  a n d  s u f f i x  p a t h  n a m e s  * /  
i f  (  i n p u t p a t h  )
{
s p r i n t f (  t c h a r ,  " % s % c " ,  i n p u t p a t h ,  d i r d e l i m  ) ;
}
e l s e
{
s t r c p y f  t c h a r ,  " "  ) ;
}
f i l e n a m e p r e f i x  =  n e w  c h a r [ s t r l e n (  t c h a r  )  +  1 ] ;  
s t r c p y f  f i l e n a m e p r e f i x ,  t c h a r  ) ;
i f f  i n p u t s u f f i x  )
{
s t r c p y f  t c h a r ,  i n p u t s u f f i x  ) ;
}
e l s e
{
s t r c p y f  t c h a r ,  " "  ) ;
}
f i l e n a m e s u f f i x  =  n e w  c h a r f s t r l e n f  t c h a r  )  +  1 ] ;  
s t r c p y f  f i l e n a m e s u f f i x ,  t c h a r  ) ;
/ *  s e t  f i x e d  p o i n t  b i t  r e p r e s e n t a t i o n  * /  
f p m u l t  =  1  < <  (  f p b i t s  -  1  ) ;
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/ *  s e t  t h e  n u m b e r  o f  r e t r i e s  * /  
r e t r i e s  =  t r i e s ;
/ *  s e t  s e a r c h  m o d e  * /  
s m a r t s e a r c h  =  s e a r c h ;
/ *  s e t  v e r i f y  a d d s u b  m o d e  * /  
n o v e r i f y  =  v e r i f y m o d e ;





T h i s  p o r t i o n  o f  p e r f o r m s  t h e  t a b l e  r e d u c t i o n  f o r  M D L N S  t o  a n d  f r o m  
b i n a r y  c o n v e r s i o n
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
*/
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  " m a p . h "
# i n c l u d e  " m a p _ f u n c t i o n s . h "
# i n c l u d e  " m a p _ i n l i n e s . h "
/*
T h i s  f u n c t i o n  l o o k s  f o r  t h e  b e s t  " m "  t o  m i n i m i z e  t h e  t a b l e  e n t r i e s  f o r  
v a r i o u s  t y p e s  o f  r e d u c t i o n .  S e e  m a i n . c p p  f o r  a l l  t h e  o p t i o n s .
*/
i n t  m a p  : :  f i n d b e s t r e d u c t i o n (  i n t  m o d e  )  
{
/ * ------------------- ----------------------------------------------------------------------------- * /
i n t i ;
i n t j  ;
i n t z  =  0  ;
i n t m i n e n t s  =  b i g n u m ;
i n t m i n m a p  =  b i g n u m ;
i n t d u p l i c a t e  =  - 1 ;
i n t s a ;
d o u b l e e  ;
d o u b l e a d j  ;
i n t m o s t  =  c o u n t  *  1 0 2 4 ;
i n t l a s t g e n  =  - 1 ;
/ * ------------------- ----------------------------------------------------------------------------- * /
/ *  s e a r c h  b a s e d  o n  s m a r t s e a r c h  * /  
i f (  s m a r t s e a r c h  )
{
a d j  =  1 . 0  /  p o w (  2 ,  b i t s  ) ;
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}
e l s e
{
a d j  =  1 . 0 ;
}
i  =  c o u n t ;
/ *  c y c l e  t h r o u g h  a l l  m ' s  * /  
w h i l e (  1  )
{
/ *  f i n d  t h e  n e x t  b e s t  m  * /  
j  =  f i n d b e s t s i z e (  i ,  m o s t ,  a d j ,  & e  ) ;
/ *  l e a v e  i f  w e  a r e  d o n e  * /
i f  (  ! j  )
{
b r e a k ;
}
p r i n t f (  " #  T r y i n g :  % d \ t % l f \ n " ,  j ,  e  ) ;  
f f l u s h (  s t d o u t  ) ;
/ *  B u i l d  t h e  S B D  i n d e x  * /  
i f (  ! g e n e r a t e (  j ,  N U L L  )  )
{
/ *  d e l e t e  a n y  o l d  d a t a  * /  
r e d u c t i o n _ c l e a n ( ) ;
/ *  p e r f o r m  a p p r o p r i a t e  t a b l e  r e d u c t i o n  * /  
i f (  m o d e  > =  0  & &  m o d e  < =  2 )
{
s a  =  f i n d b e s t 2 d p a r t i t i o n (  m o d e  ) ;
}
e l s e
i f (  m o d e  = =  3  )
{
s a  =  f i n d b e s t 3 d p a r t i t i o n (  0  ) ;
}
/ *  r e m e m b e r  l a s t  " m "  * /  
l a s t g e n  =  j ;
/ *  c h e c k  t o  s e e  i f  w e  b e t  a n y  p r e v i o u s  t a b l e  s i z e s  * /  
i f (  s a  )
{
i f (  s a  <  m i n e n t s  )
{
/ *  y e s 7 u p d a t e  * /
m i n e n t s  =  s a ;  
d u p l i c a t e  =  0 ;
m i n m a p  =  j ;
}
e l s e
{
/ *  n o ,  b u t  k e e p  t r y i n g  * /  
d u p l i c a t e + + ;
}
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}
/ *  s t o p  i f  o u r  m  i s  m u c h  b i g g e r  t h a n  o u r  s e q u e n c e  s i z e  * /  
i f (  j  >  c o u n t  *  1 0 2 4  )
{
b r e a k ;
}
}
i  =  j  +  1 ;
/ *  s t o p  i f  w e  h a v e n ' t  f o u n d  a  b e t t e r  " m "  i n  a  l i t t l e  w h i l e  * /  
i f (  d u p l i c a t e  > =  r e t r i e s  )
{
b r e a k ;
}
}
/ *  r e g e n e r a t e  t h e  S B D  i n d e x  i f  n e c e s s a r y  * /  
i f (  m i n m a p  ! =  l a s t g e n  & &  m o d e  ! =  3  )
{
g e n e r a t e ( m i n m a p ,  N U L L  ) ;
i f (  m o d e  > =  0  & &  m o d e  < =  2  )
{
f i n d b e s t 2 d p a r t i t i o n (  m o d e  ) ;
}
}
e l s e
i f (  m o d e  = =  3  )
{
i f (  m i n m a p  ! =  l a s t g e n  )
{
g e n e r a t e ( m i n m a p ,  N U L L  ) ;
}
f i n d b e s t 3 d p a r t i t i o n (  1  ) ;
}
/ *  l e a v e  * /  
r e t u r n  0 ;
}
/*
T h i s  f u n c t i o n  i s  p a r t  o f  t h e  s e c o n d  a n d  t h i r d  l e v e l  r e d u c t i o n  c o d e .  I t  
c h e c k s  t o  s e e  i f  s p l i t i n g  a t  a  p a r t i c u l a r  i n d e x  i s  p o s s i b l e .
*/
i n t  m a p  : :  c h e c k r e d u c t i o n  
(
i n t  s t o p ,
i n t  i ,
i n t  * o d 2 ,
i n t  * o d n ,
i n t  * o s e g m e n t s ,
i n t  * o o p t i m i z e ,
i n t  * s e c t i o n s p e r r o w ,
i n t  m a x s e c t i o n s p e r r o w
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{
/*  */
i n t  j  ;
i n t  m ;
i n t  h ;
i n t  o  ;
i n t  k  ;
i n t  d 2 ;
i n t  d n ;
i n t  s e g m e n t s ;
i n t  o p t i m i z e ;
i n t  s e c t i o n s ;
/*  */
/ *  T r y  t o  d e t e r m i n e  t h e  f i r s t  a n d  s e c o n d  b a s e  i n d e x  d i f f e r e n c e s  * /  
o  = 0 ;
f o r (  j  =  0 ;  j  <  i ;  j + +  )
{
i f  (  ( i  +  j  <  t o t a l  & &  u s e d [ j ]  = =  1  & &  u s e d [ i  +  j ]  = =  1 )  )
{
d 2  =  s e q [ i n d e x [ i  +  j ] ] . e 2  -  s e q [ i n d e x [ j ] ] .  e 2 ;  
d n  =  s e q [ i n d e x [ i  +  j ] ] . e n  -  s e q [ i n d e x [ j ] ] .  e n ;  
o + +  ;  
b r e a k ;
}
}
j  =  0 ;
i f  (  o  )
{
/*
*  I f  s o ,  m a k e  s u r e  t h e  c h a n g e  i s  c o n s i s t a n t  f r o m  c o l u m n  1  t o  c o l u m n
*  2 
*/
f o r (  j  =  0 ;  j  <  i ;  j + +  )
{




( s e q [ i n d e x [ i  +  j ] ] . e 2  -  s e q [ i n d e x [ j ] ] . e 2  ! =  d 2 )
| |  ( s e q  [ i n d e x  [ i  +  j ] ] . e n  -  s e q [ i n d e x  [ j ] ] . e n  ! =  d n )
)
{
j  =  0 ;  





i f  (  j  >  3  )
{
/*
*  c h e c k  a l l  t h e  c o l u m n  t o  c o l u m n  d i f f e r e n c e s  t o  m a k e  s u r e  t h e y  a r e
*  t h e  s a m e  
*/
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m = 0 ;
/ *  g o  c o l u m n  b y  c o l u m n  * /  
w h i l e (  m  +  i  <  s t o p  )
{
/ *  t h e n  g o  r o w  b y  r o w  * /  
f o r (  j  =  0 ;  j  <  i ;  j + +  )
{
i f (  i  +  j  +  m  > =  s t o p  )
{
b r e a k ;
}




( d 2  ! =  s e q [ i n d e x [ i  +  j  +  m ] ] . e 2  -  s e q [ i n d e x [ j  +  m ] ] . e 2 )  
| |  ( d n  ! =  s e q [ i n d e x [ i  +  j  +  m ] ] . e n  -  s e q [ i n d e x [ j  +  m ] ] . e n )  
>
{
m  =  s t o p  *  2 ;  




m  + =  i ;
}
/ *  d e t e r m i n e  t h e  n u m b e r  o f  s e g m e n t s  p e r  r o w  * /  
i f (  m  <  s t o p  )
{
s e g m e n t s  =  0 ;  
o p t i m i z e  =  0 ;  
s e c t i o n s  =  0 ;  
f o r (  j  =  0 ;  j  <  i ;  j + +  )
{
h  =  0 ;
O = 0 ;
f o r (  m  =  0 ;  m  <  ( s t o p  /  i )  + 1 ;  m + +  )
{
i f (  j  +  m  *  i  > =  s t o p  )
{
c o n t i n u e ;
}
k  =  u s e d [ j  +  m  *  i ] ;  




i f ( j + m * i + i > =  s t o p  )
{
c o n t i n u e ;
}
i f  (  u s e d [ j  +  m  *  i ]  ! =  u s e d [ j  +  m  *  i  +  i ]  )
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{
h + + ;
}
f (  o  ) 
o p t i m i z e + + ;
f  (  u s e d [ j ]  = =  1  )  
h + +  ;
f (  k  = =  1  )  
h + +  ;
h  =  h  /  2 ;  
s e g m e n t s  + =  h ;  
i f ( h  >  s e c t i o n s  )
{
i f (  m a x s e c t i o n s p e r r o w  & &  h  >  m a x s e c t i o n s p e r r o w  ) 
{
r e t u r n  0 ;
}




e l s e
{
r e t u r n  0 ;
}
* o o p t i m i z e  =  o p t i m i z e ;
* o s e g m e n t s  =  s e g m e n t s ;
* o d 2  =  d 2 ;
* o d n  =  d n ;
* s e c t i o n s p e r r o w  =  s e c t i o n s ;  
r e t u r n  1 ;
}
r e t u r n  0 ;
}
/*
R e m o v e d  t h e  e m p t y  r o w s  f r o m  a  2 x 2  m a t r i x  a n d  p r e p a r s  f o r  o u t p u t
*/
v o i d  m a p  : :  r e m o v e e m p t y l i n e s (  v o i d  ) 
{
/*  */
i n t  i  ;
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i n t j  ;
i n t m ;
i n t k ;
i n t c ;
i n t m 2  ;
i n t m n ;
i n t h e i g h t ;
d o u b l e m v ;
t a b l e * o r d e r ;
c h a r * m a p u s e d ;
c h a r * m a p u s e d 2  ;
i n t * m a p i n d e x ;
i n t * m a p i n d e x 2 ;
i n t m a p t o t a l ;
i n t m a p t o t a l 2 ;
i n t u p p e r ;
i n t l o w e r ;
i n t l a s t  l o w e r ;
i n t z  =  0  ;
i n t c m a x 2  =  1 ;
i n t c m i n 2  =  - 1 ;
i n t c m a x n  =  1  ;
i n t c m i n n  =  - 1  ;
i n t r m a x 2  =  1 ;
i n t r m i n 2  =  - 1 ;
i n t r m a x n  =  1 ;
i n t r m i n n  =  - 1 ;
i n t o h e i g h t  =  h e i g h t 2 ;
i n t d 2  =  d e l 2  2 ;
i n t d n  =  d e l n 2 ;
i n t s e g m e n t s  =  s e g m e n t s 2 ;
/ * -------------------
m a p u s e d  =  u s e d ;  
m a p i n d e x  =  i n d e x ;  
m a p t o t a l  =  t o t a l ;  
h e i g h t  =  o h e i g h t ;
/ *  a l l o c a t e  a n  a r r a y  f o r  t h e  r o w  o r d e r s  * /  
o r d e r  =  n e w  t a b l e  [ s e g m e n t s  +  1 ] ;
i f  (  c o l t a b  )
{
d e l e t e  c o l t a b ;
}
/ *  a l l o c a t e  a n  a r r a y  f o r  t h e  c o l u m n  m u l t i p l i e r s  * /
c o l t a b  =  n e w  t a b l e  [  (  i n t  )  c e i l (  (  d o u b l e  )  t o t a l  /  h e i g h t 2  ) ]  ;
/ *  c o m p u t e  t h e  c o l u m n  m u l t i p l i e r s  * /
f o r (  i  =  0 ;  i  <  c e i l (  (  d o u b l e  )  t o t a l  /  h e i g h t 2  ) ;  i + +  )
{
m 2  =  i  *  d e l 2 2 ;  
r a n  =  i  *  d e l n 2 ;
m v  =  e x p (  l o g 2  *  m 2  +  l o g n  *  r a n  ) ;
c o l t a b  [ i ]  . e 2  =  m 2 ;  
c o l t a b [ i ] . e n  =  r a n ;  
c o l t a b [ i ] .  v  =  m v ;
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/ *  f i n d t h e  m a x i m u m a n d  m i n i m u m  s o  w e  c a n  d e t e r m i n e  t h e  b i t  w i d t h s  * /
c m i n 2  = m i n i  c m i n 2 , m 2  )  ;
c m a x 2  = m a x (  c m a x 2 , m 2  ) ;
c m i n n  = m i n i  c m i n n , m n  )  ;
c m a x n  = m a x ( c m a x n , m n  )  ;
}
i f (  r o w t a b  )
{
d e l e t e  r o w t a b ;
}
/ *  a l l o c a t e  t h e  r o w  m u l t i p l i e r s  * /  
r o w t a b  =  n e w  t a b l e [ s e g m e n t s 2 ] ;
c  =  0  ;
/ *  f i n d  t h e  b e g i n n i n g  o f  e a c h  s e g m e n t  a n d  r e c o r d  i t  * /  
f o r i  m  =  0 ;  m  <  h e i g h t ;  m + +  )
{
k  =  0 ;
f o r i  i  =  0 ;  i  <  m a p t o t a l  /  h e i g h t  +  1 ;  i + +  )
{
j  =  m  +  i  *  h e i g h t ;
i f ( j  > =  m a p t o t a l  )
{ .
c o n t i n u e ;
}
i f (  m a p u s e d t j ]  = =  0  & &  k  = =  1 )
{
k  =  0 ;
}
i f  (  u s e d t j ]  = =  0  )
{
c o n t i n u e ;
}
m 2  =  s e q [ i n d e x [ j ] ] . e 2 ;
m n  =  s e q [ i n d e x [ j ] ] . e n  +  a r r a y o f f ;
u p p e r  =  m n  /  d n ;  
l o w e r  =  m n  %  d n ;
i f (  u s e d [ j ]  = =  1  & &  k  = =  1  )
{
i f ( i  >  0  && l o w e r  ! =  l a s t _ l o w e r  )
{
k  =  0 ;
}
}
i f ( m a p u s e d f j ]  = =  1  & &  k  = =  0  )
{
/ *  a d d  t h e  s e g m e n t  * /
m 2  =  s e q [ m a p i n d e x [ j ] ] . e 2  -  i  *  d 2 ;
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m n  =  s e q [ m a p i n d e x [ j ] ] . e n  -  i  *  d n ;  
m v  =  l o g 2  *  m 2  +  l o g n  *  m n ;  
o r d e r  [ c ]  . e 2  =  i ;
r o w t a b [ c ]  . e 2  =  m 2 ;  
r o w t a b [ c ] . e n  =  m n ;  
r o w t a b [ c ] . v  =  e x p (  m v  ) ;
r m i n 2  =  m i n (  r m i n 2 ,  m 2  ) ;
r m a x 2  =  m a x ( r m a x 2 ,  m 2  ) ;
r m i n n  =  m i n (  r m i n n ,  m n  ) ;
r m a x n  =  m a x (  r m a x n ,  m n  ) ;
i f (  m v  <  0  )
{
m 2  =  s e q [ m a p i n d e x [ j ] ] . e 2  -  (  i  -  1  )  *  d 2 ;
m n  =  s e q [ m a p i n d e x [ j ] ] . e n  -  (  i  -  1  )  *  d n ;
m v  =  l o g 2  *  m 2  +  l o g n  *  m n ;
o r d e r  [ c ]  . e 2  =  - (  i  )  ;
}
o r d e r  [ c ]  . v  =  m v ;  
o r d e r  [ c ]  .  e n  =  m ;
C +  + ;
k  =  1 ;





*  C a l c u l a t e  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  f i r s t  a n d  s e c o n d
*  i n d e x  v a l u e s  
*/
v _ _ f i r s t b a s e c o l b i t s  =  (  i n t  )  m a x  
(
c e i l (  l o g ( - c m i n 2  )  /  l o g 2  ) ,
f l o o r (  l o g (  c m a x 2  )  /  l o g 2  )  +  1
)  +  1 ;
v _ s e c o n d b a s e c o l b i t s  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - c m i n n  )  /  l o g 2  ) ,
f l o o r (  l o g (  c m a x n  )  /  l o g 2  )  +  1
)  +  1 ;
v _ f i r s t b a s e r o w b i t s  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - r m i n 2  )  /  l o g 2  ) ,
f l o o r (  l o g (  r m a x 2  )  /  l o g 2  )  +  1
)  +  1 ;
v _ s e c o n d b a s e r o w b i t s  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - r m i n n  )  /  l o g 2  ) ,
f l o o r (  l o g (  r m a x n  )  /  l o g 2  )  +  1
)  +  1 ;
/ *  s o r t  t h e  s e g m e n t s  * /
q s o r t (  (  c h a r  *  )  o r d e r ,  c ,  s i z e o f ( t a b l e ) ,  t a b l e c o m p a r e  ) ;
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/ *  C r e a t e  a  n e w  2 x 2  m a t r i x  r e m o v i n g  t h e  e m p t y  r o w s  * /  
m a p t o t a l 2  =  (  m a p t o t a l  /  h e i g h t  +  1  )  *  (  c  +  2  )  ;  
m a p u s e d 2  =  n e w  c h a r [ m a p t o t a l 2 ] ;  
m a p i n d e x 2  =  n e w  i n t  [ m a p t o t a l 2 ] ;
i f (  ! m a p u s e d 2  |  j  ! m a p i n d e x 2  )
{
r e t u r n ;
}
f o r (  i  =  0 ;  i  <  m a p t o t a l 2 ;  i + +  )
{
m a p u s e d 2  [ i ]  =  0 ;  
m a p i n d e x 2 [ i ]  =  0 ;
}
/ *  r e m o v e  t h e  e m p t y  r o w s  * /  
f o r (  m  =  0 ;  m  <  c ;  m + +  )
{
f o r (  i  =  a b s ( o r d e r [ r a ] . e 2  ) ;  i  <  m a p t o t a l  /  h e i g h t  +  
{
j  =  o r d e r [ m ] . e n  +  i  *  h e i g h t ;  
i f (  j  > =  m a p t o t a l  )
{
c o n t i n u e ;
}
k  = 0 ;
i f  (  o r d e r [ m ]  . e 2  <  0  )
{
k + +  ;
}
i f (  m a p u s e d [ j ]  = =  0  )
{
b r e a k ;
}
Z +  + ;
m a p u s e d 2 [ m  + ( i - k ) * c ] =  m a p u s e d f j ] ;  
m a p i n d e x 2 [ m  +  (  i  -  k  )  *  c ]  =  m a p i n d e x [ j ] ;  
s e q [ m a p i n d e x [ j ] ] . r e v  = m +  ( i - k )  * c ;
}
}
p r i n t f  (  " #  p o i n t s = % d ,  s e g m e n t s = % d \ n " ,  z ,  c  ) ;  
w h i l e (  m a p t o t a l 2  >  0  & &  m a p u s e d 2 [ m a p t o t a l 2  -  1 ]  = =  0  ) 
{
m a p t o t a l 2 - - ;
}
d e l e t e  m a p u s e d ;  
d e l e t e  m a p i n d e x ;  
d e l e t e  o r d e r ;
u s e d  =  m a p u s e d 2 ;  
i n d e x  =  m a p i n d e x 2 ;  
t o t a l  =  m a p t o t a l 2 ;  
h e i g h t  =  c ;
1 ;  i + +  )
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/ *  p r i n t f ( " #  G r o u p  s i z e :  % d \ n " , m a p t o t a l 2 ) ;  * /  
h e i g h t 2  =  h e i g h t ;
r e t u r n ;
}
/*
P r i n t  o u t  t h e  b i n a r y  t o  M D L N S  r e d u c t i o n  t a b l e
*/
v o i d  m a p  : :  p r i n t b t o m f a c t o r s (  v o i d  )
{
I*  ______,___ ,   ,_____ ______ ______
i n t  i  ;
i n t  m ;
l o n g  i n t  v ;
c h a r  * f n a m e  =  f i l e n a m e ( " b i n . c o l s "  ) ;
/*  */
/ *  P r i n t  o u t  t h e  c o l u m n  t a b l e  * /
p r i n t f  (  "#  r e m o v e  r e d u c e d t a b l e c o l s  t a b l e \ n "  )  ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  r e d u c e d t a b l e c o l s  t a b l e \ n "  ) ;
v _ f p b i t s  =  (  i n t  )  (  l o g (  f p m u l t  )  /  l o g 2  )  +  1 ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D C O L S  >  % s \ n " ,
C O M M _ t o b i n a r y ,
v _ f p b i t s ,
- v _ f i r s t b a s e c o l b i t s ,
- v _ s e c o n d b a s e c o l b i t s ,
v _ f p b i t s ,
f n a m e
) ;
f o r (  i  =  0 ;  i  <  c e i l (  (  d o u b l e  )  t o t a l  /  s e g m e n t s 2  ) ;  i + +  )
{
/ *  N o t i c e  t h e  r o u n d i n g  * /
v  =  (  l o n g  i n t  )  f l o o r (  c o l t a b [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ t % d \ t % l d \ t " ,  v ,  c o l t a b [ i ] . e 2 ,  c o l t a b [ i ] . e n  ) ;  
v  =  (  l o n g  i n t  )  f l o o r (  1 . 0  /  c o l t a b [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
}
p r i n t f (  " E N D C O L S \ n "  )  ;
d e l e t e  f n a m e ;
/ *  P r i n t  t h e  r o w  t a b l e  * /  
f n a m e  =  f i l e n a m e (  " b i n . r o w s "  ) ;
p r i n t f (  " #  r e m o v e  r e d u c e d t a b l e r o w s  t a b l e \ n "  ) ;
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p r i n t f  (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  r e d u c e d t a b l e r o w s  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D R O W S  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ f p b i t s ,
- v _ f i r s t b a s e r o w b i t s ,
- v _ s e c o n d b a s e r o w b i t s ,
v _ f p b i t s ,
f n a m e
) ;
/ *  R o u n d i n g  . . .  * /
v  =  (  l o n g  i n t  )  f l o o r (  r o w t a b [ 0 ] . v  *  f p m u l t  +  0 . 5  ) ;
p r i n t f (  " % l d \ t % d \ t % d \ t % l d \ n " ,  v ,  r o w t a b  [ 0 ]  . e 2 ,  r o w t a b  [ 0 ]  . e n ,  v  ) ;
f o r t  m  =  1 ;  m  <  s e g m e n t s 2 ;  m + +  )
{
v  =  (  l o n g  i n t  )  f l o o r (  ( r o w t a b [ m ] . v  +  r o w t a b [ m  -  1 ] .  v )  /  2 . 0  *  f p m u l t  +  0 . 5
) ;
p r i n t f ( " % l d \ t % d \ t % d \ t " ,  v ,  r o w t a b  [ m ]  . e 2 ,  r o w t a b [ m ] . e n  ) ;  
v  =  (  l o n g  i n t  )  f l o o r (  r o w t a b [ m ] .  v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
}
/ *  H a v e  t h e  l a s t  l i n e  w r q a p  t o  t h e  n e x t  c o l u m n  e n t r y  * /
v  =  (  l o n g  i n t  )  f l o o r (  ( c o l t a b  [ 1 ]  . v  +  r o w t a b [ h e i g h t 2  -  1 ]  . v )  /  2 . 0  *  f p m u l t  +  
0 . 5  )  ;
p r i n t f (  " % l d \ t % d \ t % d \ t " ,  v ,  c o l t a b  [ 1 ]  . e 2 ,  c o l t a b [ l ] . e n  ) ;  
v  =  (  l o n g  i n t  )  f l o o r (  c o l t a b [ l ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
p r i n t f (  " E N D R O W S \ n "  ) ;
d e l e t e  f n a m e ;
r e t u r n ;
}
/*
P r i n t  o u t  t h e  v e r i l o g  p a r a m e t e r s  f o r  t h e  b i n a r y  t o  M D L N S  r e d u c i o n  t a b l e s
*/
v o i d  m a p  : :  p r i n t v e r i l o g b t o m r e d u c e p a r a m s (  v o i d  ) 
{ /*--------------------------------------------------------------*/
c h a r  * f n a m e  =  f i l e n a m e (  " p a r a m s b t o m r e d u c e "  ) ;  
/ * -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------*/
p r i n t f (  " #  r e m o v e  p a r a m e t e r  f i l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C 0 M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  p a r a m e t e r  f i l e \ n "  ) ;
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p r i n t f (  " % s  < <  E N D B T O M R P A R A M  >  % s \ n " ,  C O M M _ c a t ,  f n a m e  ) ;
p r i n t f (  " p a r a m e t e r  f i r s t b a s e c o l b i t s  =  % d ; \ n " ,  v _ f i r s t b a s e c o l b i t s  ) ;  
p r i n t f (  " p a r a m e t e r  s e c o n d b a s e c o l b i t s  =  % d ; \ n " ,  v _ s e c o n d b a s e c o l b i t s  )  
p r i n t f (  " p a r a m e t e r  f i r s t b a s e r o w b i t s  =  % d ; \ n " ,  v _ f i r s t b a s e r o w b i t s  ) ;  
p r i n t f (  " p a r a m e t e r  s e c o n d b a s e r o w b i t s  =  % d ; \ n " ,  v _ s e c o n d b a s e r o w b i t s  ) 
p r i n t f (  " p a r a m e t e r  f p b i t s  =  % d ; \ n " ,  v _ f p b i t s  ) ;
p r i n t f (  " E N D B T O M R P A R A M \ n "  ) ;
d e l e t e  f n a m e ;
r e t u r n ;
}
/*
P a c k l i n e  t r i e s  t o  m i n i m i z e  t h e  s i z e  o f  t h e  m a t r i x  b y  p a c k i n g  t h e  
s e g m e n t s  i n  a s  m u c h  a s  p o s s i b l e .  T w o  o r  m o r e  s e g m e n t s  m a y  o c c u p y  o n e  
l i n e .  T h i s  f u n c t i o n  i s  n o t  a c t i v e l y  u s e d .
* /
v o i d  m a p  : :  p a c k l i n e s ( v o i d  
{
 * // * ~ ~ ~
i n t i  ;
i n t j  ;
i n t m ;
i n t k ;
i n t c ;
i n t 1 ;
i n t h e i g h t ;
c h a r * m a p u s e d ;
c h a r * m a p u s e d 2  ;
i n t * m a p i n d e x ;
i n t * m a p i n d e x 2
i n t m a p t o t a l ;
i n t m a p t o t a l 2 ;
i n t o h e i g h t  =  1
/ * ~ ~ ~
m a p u s e d  =  u s e d ;
m a p i n d e x  =  i n d e x
m a p t o t a l  =  t o t a l
h e i g h t  =  o h e i g h t
w h i l e (  1  )
{
/ *  F i n d  a n  e m p t y  r o w  * /  
f o r (  m  =  0 ;  m  <  h e i g h t  -  1 ;  m + +  )
{
c  =  0  ;
f o r (  i  =  0 ;  i  <  m a p t o t a l  /  h e i g h t  +  1 ;  i + +  )  
{
j  =  m  +  i  *  h e i g h t ;
i f (  j  > =  m a p t o t a l  )
{
c o n t i n u e ;
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i f  ( j  +  1  > =  m a p t o t a l  ) 
c o n t i n u e ;
i f ( m a p u s e d [ j ]  = =  1  & &  m a p u s e d t j  +  : 
{
C + +  ;
}
}
i f (  ! c  )
{
b r e a k ;
}
}
/ *  M e r g e  t h e  t w o  r o w s  * /  
i f (  m  <  h e i g h t  -  1  )
{
c  =  h e i g h t  -  1 ;
1  =  m ;
/ *  C r e a t e  a  n e w  m a t r i x  * /  
m a p t o t a l 2  =  (  m a p t o t a l  /  h e i g h t  +  1  )  
m a p u s e d 2  =  n e w  c h a r [ m a p t o t a l 2 ] ;  
m a p i n d e x 2  =  n e w  i n t [ m a p t o t a l 2 ] ;
i f (  i m a p u s e d 2  | |  ! m a p i n d e x 2  )
{
r e t u r n ;
}
f o r (  i  =  0 ;  i  <  m a p t o t a l 2 ;  i + +  )
{
m a p u s e d 2 [ i ]  =  0 ;  
m a p i n d e x 2 [ i ]  =  0 ;
}
/ *  M e r g e  t h e m  * /
f o r (  m  =  0 ;  m  <  h e i g h t ;  m + +  )
{
k  =  0 ;  
i f (  m  >  1  )
{
k  =  1 ;
}
f o r (  i  =  0 ;  i  <  m a p t o t a l  /  h e i g h t  +  
{
j  =  m  +  i  *  h e i g h t ;  
i f (  j  >  m a p t o t a l  )
{
c o n t i n u e ;
}
i f f  m a p u s e d [ j ]  = =  1  )
=  =  1 )
*  (  c  +  2  )  ;
1 ;  i + +  )
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{
m a p u s e d 2 [ m  +  i  *  ( h e i g h t  -  1  )  -  k ]  =  m a p u s e d t j ] ;
m a p i n d e x 2 [ m  +  i  *  (  h e i g h t  -  1  )  -  k ]  =  m a p i n d e x [ j ] ;  




w h i l e ( m a p t o t a l 2  >  0  & &  m a p u s e d 2 [ m a p t o t a l 2  -  1 ]  = =  0  )
{
m a p t o t a l 2 - - ;
}
d e l e t e  m a p u s e d ;  
d e l e t e  m a p i n d e x ;
m a p u s e d  =  m a p u s e d 2 ;  
m a p i n d e x  =  m a p i n d e x 2 ;  
m a p t o t a l  =  m a p t o t a l 2 ;  
h e i g h t  =  c ;
}
e l s e
{
b r e a k ;
}
}
u s e d  =  m a p u s e d ;  
i n d e x  =  m a p i n d e x ;  
t o t a l  =  m a p t o t a l ;
p r i n t f (  " #  G r o u p  s i z e :  % d \ n " ,  m a p t o t a l  ) ;
h e i g h t 2  =  h e i g h t ;
r e t u r n ;
}
/*
F i n d  t h e  b e s t  s e p a r a t i o n  p o i n t  i n  a  s t r e a m  o f  S B D  v a l u e s  t o  g e n e r a t e  a  
2 x 2  m a t r i x
*/
i n t  m a p  : :  f i n d b e s t 2 d p a r t i t i o n (  i n t  m o d e  )  
{
/*  */
i n t  i ;
i n t  d 2 ;
i n t  d n ;
i n t  s e g m e n t s ;
i n t  o p t i m i z e ;
i n t  s e c t i o n s ;
i n t  b e s t ;
i n t  b e s t s e g ;
i n t  b e s t d 2 ;
i n t  b e s t d n ;
i n t  b e s t s e c t i o n s  =  - 1 ;
i n t  k ;
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i n t  b e s t k ;
i n t  k l ;
i n t  k 2 ;
d o u b l e  r a t i o ;
/*  */
/ *  s e t u p  a  s t o p p i n g  p o i n t  * /
r a t i o  =  (  d o u b l e  )  t o t a l  /  (  d o u b l e  )  c o u n t ;
/ *  s e t  o u r  b e s t  s c o r e  t o  a  l a r g e  v a l u e  * /  
b e s t k  =  t o t a l  +  1 ;
/*
*  l o o p  t h r o u g h  a l l  p o s s i b i l i t i e s  f r o m  2  t o  h a l f  t h e  m a x i m u m  ( m a x  N x 2
*  m a t r i x )
*/
f o r (  i  =  2 ;  i  < =  t o t a l  /  2  +  1 ;  i + +  )
{
/ *  u s e  c h e c k  r e d u c t i o n  t o  d o  t h e  w o r k  * /  
i f  
(
c h e c k r e d u c t i o n
(
t o t a l ,  
i ,
& d 2 ,
& d n ,
S t s e g m e n t s ,
& o p t i m i z e ,






*  i f  w e  g o t  t h i s  f a r ,  t h e n  t h i s  i s  a  g o o d  s e p a r a t i n g  p o i n t
*  c o l u m n s  
*/
k l  =  (  i n t  )  c e i l  (  (  d o u b l e  )  t o t a l  /  i  ) ;  
k 2  =  s e g m e n t s ;
i f (  m o d e  = =  0  )
{
/ *  s c o r e  b a s e d  o n  t h e  s u m  o f  t h e  c o l u m n s  a n d  r o w s  * /  
k  =  k l  +  k 2 ;
}
e l s e
i f (  m o d e  = =  1  )
{
/ *  s c o r e  o n l y  o n  t h e  r o w s  * /  
k  =  k 2  ;
}
e l s e
i f (  m o d e  = =  2  )
{
/ *  s c o r e  o n l y  o n  a  p o w e r  o f  2  r o w s  * /  
k  =  k 2  ;
i f (  f l o o r (  l o g (  a b s (  d n  )  )  /  l o g 2  )  ! =  l o g ( a b s (  d n  )  )  /  l o g 2  )
{
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c o n t i n u e ;
}
}
/ *  d i d  w e  d o  b e t t e r  t h a n  b e f o r e  * /  
i f (  s e g m e n t s  >  0  & &  k  < =  b e s t k  )
{
p r i n t f
(
" #  % d \ t % d \ t % d \ t % d \ t % d \ t % d \ t % d \ n " ,
i ,
d 2 ,  
d n ,  
k ,  
k l ,  
k 2 ,
s e c t i o n s
) ;
/ *  u p d a t e  o u r  s t a t s  * /
b e s t k  =  k ;
b e s t s e g  =  s e g m e n t s ;
b e s t  =  i ;
b e s t d 2  =  d 2 ;
b e s t d n  =  d n ;
b e s t s e c t i o n s  =  s e c t i o n s ;
}
}
/ *  b r e a k  o u t  i f  t h e r e  i s  n o  h o p e  * /  
i f (  i  /  r a t i o  >  b e s t k  )
{
b r e a k ;
}
}
/ *  i f  w e  g o t  s o m e w h e r e ,  s a v e  i t  i n t o  o u t  d a t a  s t r u c t u r e s  * /  
i f (  b e s t s e c t i o n s  >  0  )
{
d e l 2 2  =  b e s t d 2 ;  
d e l n 2  =  b e s t d n ;  
s e g m e n t s 2  =  b e s t s e g ;  
h e i g h t 2  =  b e s t ;
r e t u r n  b e s t k ;
}
e l s e
{
/ *  n o t h i n g ,  j u s t  m a k e  a  N x l  m a t r i x  * /
d e l 2  2  =  1 ;
d e l n 2  =  1 ;
s e g m e n t s 2  =  c o u n t ;
h e i g h t 2  =  t o t a l ;
r e t u r n  0 ;
}
}
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P r i n t  o u t  t h e  M D L N S  t o  b i n a r y  2 x 2  r e d u c t i o n  d a t a
* /
i n t  m a p  : :  p r i n t r e d u c t i o n t a b l e (  v o i d  )  
{
/ * -------------------------------------------------- * /
i n t  i ;
i n t  j  ;
i n t  k  ;
i n t  c ;
i n t  m  ;
i n t  m 2 ;
i n t  m n ;
i n t  l o w e r ;
i n t  u p p e r ;
i n t  l a s t _ l o w e r ;
r e d u c e r o w  * e n t ;
l o n g  i n t  v ;
i n t  h e i g h t  =  h e i g h t 2 ;
i n t  d 2  =  d e l 2  2 ;
i n t  d n  =  d e l n 2 ;
i n t  r o w s  =  s e g m e n t s 2 ;
i n t  u m i n  =  - 1 ;
i n t  u m a x  =  1 ;
i n t  d m i n  =  - 1 ;
i n t  d m a x  =  1 ;
/ * -------------------------------------------------- * /
/ *  c r e a t e  a n  a r r a y  t o  h o l d  i t  * /  
e n t  =  n e w  r e d u c e r o w [ r o w s  +  1 ] ;
c  =  0  ;
/ *  p r i n t  o u t  s o m e  i n f o  f o r  t h e  H D L  c o d e  * /  
p r i n t f (  " #  d i v i s o r  =  % d \ n " ,  d n  ) ;  
p r i n t f (  " #  f i r s t i n d e x d e l t a  =  % d \ n " ,  d 2  ) ;  
p r i n t f (  "#  s e c o n d b a s e b i a s  =  % d \ n " ,  a r r a y o f f  ) ;
/ *  L o o k  f o r  a l l  t h e  s e g m e n t s  i n  t h e  m a t r i x  * /  
f o r (  m  =  0 ;  m  <  h e i g h t ;  m + +  )
{
k  =  0 ;
f o r (  i  =  0 ;  i  <  t o t a l  /  h e i g h t  +  1 ;  i + +  )
{
j  =  m  +  i  *  h e i g h t ;
i f  (  j  > =  t o t a l  )
{
c o n t i n u e ;
f (  u s e d [ j ]  = =  0  & &  k  = =  1  )  
k  =  0 ;
f  (  u s e d [ j ]  = =  0  )
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c o n t i n u e ;
}
m 2  =  s e q [ i n d e x [ j ] ] . e 2 ;
r a n  =  s e q [ i n d e x [ j ] ]  . e n  +  a r r a y o f f ;
u p p e r  =  m n  /  d n ;  
l o w e r  =  m n  %  d n ;
i f (  u s e d [ j ]  = =  1  & &  k  = =  1  )
{
i f (  i  >  0  & &  l o w e r  ! =  l a s t _ l o w e r  )
{
k  =  0 ;
}
}
i f  (  u s e d [ j ]  = =  1  &.&. k  = =  0  )
{
/ *  f o u n d  o n e ,  m a k e  s u r e  w e  d o n ' t  h a v e  m o r e  t h a n  w e  e x p e c t  * /  
i f (  c  > =  r o w s  )
{
p r i n t f (  " #  S e g m e n t s  f o u n d  d o e s n ' t  m a t c h  g i v e n . \ n "  ) ;  
r e t u r n  1 ;
}
/ *  a d d  i t  * /
e n t  [ c ]  . l o w e r  =  l o w e r ;
e n t [ c ] . u p p e r  =  u p p e r ;
e n t  [ c ]  . c o l u m n  =  i ;
e n t  [ c ]  . r o w  =  m ;
e n t  [ c ]  .  e 2  =  m 2  ;
l a s t _ l o w e r  =  l o w e r ;
C + +  ;




/ *  s o r t  t h e  e n t r i e s  f o r  t h e  R A L U T  * /
q s o r t (  (  c h a r  *  )  e n t ,  c ,  s i z e o f ( r e d u c e r o w ) ,  r e d u c e r o w c o m p a r e  ) ;
/ *  t h e  l a s t  o n e  i s  a  d u m m y  * /  
e n t [ c ] . l o w e r  =  - 1 ;
/ *
*  c r e a t e  a  d a t a s t u r c t i o n  f o r  f a s t  s e a r c h i n g  i n  t h i s  " c o d e " ,  n o t
*  h a r d w a r e  
* /
r e d u c e 2 r o w s  =  a b s (  d n  )  ;  
r e d u c e 2 i t e m s  =  n e w  i n t  [ r e d u c e 2 r o w s ] ;
r e d u c e 2 e n t s  =  (  r e d u c e r o w  * *  )  n e w  i n t  [ r e d u c e 2 r o w s ]  ;
i  =  0 ;  
m = 0 ;
f o r (  j  =  1 ;  j  < =  C ;  j + +  )
{
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i f (  e n t [ j ] . l o w e r  ! =  e n t [ j  -  1 ] . l o w e r  )
{
i f (  m  > =  a b s (  d n  )  )
{
p r i n t f (  " #  E x t r a  o r  m i s s i n g  s o l u t i o n s . \ n "  } ;  
r e t u r n  1 ;
}
r e d u c e 2 i t e m s [ m ]  =  j  -  i ;
r e d u c e 2 e n t s [ m ]  =  n e w  r e d u c e r o w [ r e d u c e 2 i t e m s [ m ] ] ;  
f o r (  k  =  0 ;  k  <  r e d u c e 2 i t e m s [ m ] ;  k + +  )
{
r e d u c e 2 e n t s [ m ] [ k ] . l o w e r  =  e n t [ i  +  k ] . l o w e r ;  
r e d u c e 2 e n t s  [ m ]  [ k ]  . u p p e r  =  e n t [ i  +  k ]  . u p p e r ;  
r e d u c e 2 e n t s [ m ]  [ k ]  . c o l u m n  =  e n t  [ i  +  k ]  . c o l u m n ;  
r e d u c e 2 e n t s  [ m ]  [ k ]  . r o w  =  e n t  [ i  +  k ]  . r o w ;  
r e d u c e 2 e n t s [ m ] [ k ] . e 2  =  e n t [ i  +  k ] .  e 2 ;
}
i  =  j ;
m + + ;
}
}
d e l e t e  e n t ;
/ *  V e r i f y  t h e  t a b l e  * /  
f o r (  i  =  0 ;  i  <  c o u n t ;  i + +  )
{
j  =  e x p o n e n t s t o i n d e x _ a l g o r (  s e q [ i ] . e 2 ,  s e q [ i ] . e n  ) ;
i f  (  j  ! =  s e q [ i ]  . r e v  )
{
p r i n t f ( "#  V e r i f i c a t i o n  m i s m a t c h . \ n "  ) ;  
r e t u r n  1 ;
}
}
/ * --------------------------------------------------------------------------------- * /
/ *  O u t p u t  t h e  t a b l e s  * /
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . r e d u c e d "  ) ;
/ * --------------------------------------------------------------------------------- * /
p r i n t f (  " #  r e m o v e  r e d u c e d  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f  ( "# m a k e  r e d u c e d  t a b l e \ n "  ) ;
p r i n t f (  " #  o r i g i n a l  t a b l e  c o n t e n t s \ n "  ) ;
p r i n t f (  "#  r e m a i n d e r \ t q u o t i e n t \ t c o l u m n \ t r o w \ t f i r s t i n d e x d a t u m \ n "  ) ;
/ *  F i n d  t h e  m a x i m u m  b i t  w i d t h s  w h i l e  p r i n t i n g  h u m a n  r e a d a b l e  v e r s i o n  * /  
f o r (  j  = 0 ;  j  <  r e d u c e 2 r o w s ;  j + +  )
{
f o r (  i  =  0 ;  i  <  r e d u c e 2 i t e m s [ j ] ;  i + +  )
{
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p r i n t f
(
" #  % d \ t % d \ t % d \ t % d \ t % d \ n " ,  
r e d u c e 2 e n t s [ j ] [ i ] . l o w e r ,  
r e d u c e 2 e n t s  [ j ]  [ i ]  . u p p e r ,  
r e d u c e 2 e n t s  [ j ]  [ i ]  . c o l u m n ,  
r e d u c e 2 e n t s [ j ] [ i ] . r o w ,  
r e d u c e 2 e n t s [ j ] [ i ] . e 2
) ;
u m i n  =  m i n (  u m i n ,  r e d u c e 2 e n t s  [ j ]  [ i ]  . u p p e r  )  ;
u m a x  =  m a x (  u m a x ,  r e d u c e 2 e n t s [ j ] [ i ] . u p p e r  ) ;
d m i n  =  m i n (  d m i n ,  r e d u c e 2 e n t s [ j ]  [ i ] . e 2  ) ;
d m a x  =  m a x i  d m a x ,  r e d u c e 2 e n t s t j ] [ i ] - e 2  ) ;
}
v _ r e m a i n d e r b i t s  =  (  i n t  )  f l o o r ( l o g (  a b s (  d n  )  )  /  l o g 2  )  +  1 ;  
v _ q u o t i e n t b i t s  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - u m i n  )  /  l o g 2  ) ,
f l o o r (  l o g (  u m a x  )  /  l o g 2  )  +  1
) + 1 ;
v _ d a t u m b i t s  =  (  i n t  )  m a x  
(
c e i l i  l o g (  - d m i n  )  /  l o g 2  ) ,
f l o o r (  l o g (  d m a x  )  /  l o g 2  )  +  1
) + 1 ;
v _ c o l b i t s  =  (  i n t  )  f l o o r (  l o g (  c e i l  (  (  d o u b l e  )  t o t a l  /  s e g m e n t s 2  )  )  /  
) + 1 ;
v _ r o w b i t s  =  (  i n t  )  f l o o r (  l o g (  s e g m e n t s 2  -  1  ) /  l o g 2  )  +  1 ;  
v _ f p b i t s  =  (  i n t  )  (  l o g (  f p m u l t  )  /  l o g 2  )  +  1 ;
/ *  P r i n t  t a b l e  f o r  a c t u a l  R A L U T  i m p l e m e n t a t i o n  * /
p r i n t f (  "#  R A L U T  c o n t e n t s :  f i r s t  b i t  o f  s e c o n d  c o l u m n  i n v e r t e d \ n "  ) ;  
p r i n t f (  " #  F i r s t  t w o  c o l u m n s  m u s t  b e  m e r g e d !  ( u s e  a n  u n d e r s c o r e ) \ n "  ) ;  
p r i n t f (  " #  a d d r e s s \ t \ t o u t p u t \ n "  ) ;
p r i n t f (  "#  r e m a i n d e r \ t g u o t i e n t \ t q u o t i e n t \ t c o l u m n \ t r o w \ t f i r s t i n d e x d a t u m \ n
p r i n t f
(
" % s  % d  % d  % d  % d  % d  % d  < <  E N D R E D U C E D  >  % s \ n " ,
C O M M _ t o b  i  n a  r y ,  
v _ r e m a i n d e r b i t s ,  
v _ q u o t i e n t b i t s ,
- v _ q u o t i e n t b i t s ,  
v _ c o l b i t s ,  
v _ r o w b i t s ,
- v _ d a t u m b i t s ,  
f n a m e
) ;
f o r (  j  = 0 ;  j  <  r e d u c e 2 r o w s ;  j + +  )
{
f o r (  i  =  0 ;  i  <  r e d u c e 2 i t e m s [ j ] ;  i + +  )
l o g 2
) ;
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{
i f ( r e d u c e 2 e n t s [ j ] [ i ] . u p p e r  > =  0  )
{
k  =  r e d u c e 2 e n t s  [ j ]  [ i ]  . u p p e r  | (  1  < <  ( v _ q u o t i e n t b i t s  -  1 )
}
e l s e
{
k  =  (  r e d u c e 2 e n t s  [ j ]  [ i ]  . u p p e r  +  ( 1  < <  v _ q u o t i e n t b i t s )  )  &  
( v _ q u o t i e n t b i t s  -  1 ) )  -  1  ) ;
}
p r i n t f
(
" % d \ t % d \ t % d \ t % d \ t % d \ t % d \ n " ,  
r e d u c e 2 e n t s [ j ] [ i ] . l o w e r ,  
k ,
r e d u c e 2 e n t s [ j ] [ i ] . u p p e r ,  
r e d u c e 2 e n t s [ j ] [ i ] . c o l u m n ,  
r e d u c e 2 e n t s  [ j ]  [ i ]  . r o w ,  




p r i n t f (  " E N D R E D U C E D \ n "  ) ;  
d e l e t e  f n a m e ;
/ *  P r i n t  o u t  c o l u m n  m u l t i p l i e r s  * /  
f n a m e  =  f i l e n a m e (  " b i n . m c o l s "  ) ;
p r i n t f (  "#  r e m o v e  m u l t i t a b l e c o l s  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  m u l t i t a b l e c o l s  t a b l e \ n "  ) ;
p r i n t f
(
" % S  % d  % d  < <  E N D M C O L S  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ c o l b i t s ,  
v _ f p b i t s ,  
f n a m e
) ;
f o r (  i  =  0 ;  i  <  c e i l (  (  d o u b l e  )  t o t a l  /  h e i g h t 2  ) ;  i + +  )
{
v  =  (  l o n g  i n t  )  f l o o r (  c o l t a b [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % d \ t % l d \ n " ,  i ,  v  ) ;
}
p r i n t f  (  " E N D M C O L S \ n "  )  ;  
d e l e t e  f n a m e ;
/ *  P r i n t  o u t  r o w  m u l t i p l i e r s  * /  
f n a m e  =  f i l e n a m e (  " b i n . m r o w s "  ) ;
) ;
( (1 «
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p r i n t f (  " #  r e m o v e  m u l t i t a b l e r o w s  t a b l e \ n "  ) ;
p r i n t f (  ” % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  m u l t i t a b l e r o w s  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  < <  E N D M R O W S  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ r o w b i t s ,  
v _ f p b i t s ,  
f n a m e
) ;
f o r ( i  =  0 ;  i  <  s e g m e n t s 2 ;  i + +  )
{
v  =  (  l o n g  i n t  )  f l o o r (  r o w t a b [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % d \ t % l d \ n " ,  i ,  v  ) ;
}
p r i n t f (  " E N D M R O W S \ n "  ) ;  
d e l e t e  f n a m e ;  
r e t u r n  0 ;
}
/*
P r i n t  o u t  t h e  v e r i l o g  p a r a m e t e r s  f o r  t h e  M D L N S  t o  b i n a r y  2 x 2  t a b l e s  
*/
v o i d  m a p  : :  p r i n t v e r i l o g m t o b r e d u c e p a r a m s (  v o i d  )
{
/*--------------------------------------------------------------*/
c h a r  ‘ f n a m e  =  f i l e n a m e (  " p a r a m s m t o b r e d u c e "  ) ;
/* --------------------------------------------------------------*/
p r i n t f (  " #  r e m o v e  p a r a m e t e r  f i l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  p a r a m e t e r  f i l e \ n "  ) ;
p r i n t f (  " % s  < <  E N D M T O B R P A R A M  >  % s \ n " ,  C O M M _ c a t ,  f n a m e  ) ;
p r i n t f (  " p a r a m e t e r  f i r s t b a s e d e l t a  =  % d ; \ n " ,  d e l 2 2  ) ;
p r i n t f (  " p a r a m e t e r  d i v i s o r  =  % d ; \ n " ,  d e l n 2  ) ;
p r i n t f (  " p a r a m e t e r  s e c o n d b a s e b i a s  =  % d ; \ n " ,  a r r a y o f f  ) ;
p r i n t f (  " p a r a m e t e r  r e m a i n d e r b i t s  =  % d ; \ n " ,  v _ r e m a i n d e r b i t s  ) ;
p r i n t f (  " p a r a m e t e r  q u o t i e n t b i t s  =  % d ; \ n " ,  v _ q u o t i e n t b i t s  ) ;
p r i n t f (  " p a r a m e t e r  d a t u m b i t s =  % d ; \ n " ,  v _ d a t u m b i t s  ) ;
p r i n t f (  " p a r a m e t e r  c o l b i t s  =  % d ; \ n " ,  v _ c o l b i t s  ) ;
p r i n t f (  " p a r a m e t e r  r o w b i t s  =  % d ; \ n " ,  v _ r o w b i t s  ) ;
p r i n t f (  " p a r a m e t e r  f p b i t s  =  % d ; \ n " ,  v _ f p b i t s  ) ;
p r i n t f (  " E N D M T O B R P A R A M \ n "  ) ;
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d e l e t e  f n a m e ;  
r e t u r n ;
}
/*
D e l e t e  a l l  a l l o c a t e d  m e m o r y  d u r i n g  r e d u c t i o n  o p e r a t i o n s
*/
v o i d  m a p  : :  r e d u c t i o n _ c l e a n (  v o i d  )
{
/*--*/  
i n t  i ;
/*__*/
i f (  r e d u c e 2 r o w s  )
{
f o r t  i  =  0 ;  i  <  r e d u c e 2 r o w s ;  i + +  )  
{
d e l e t e  r e d u c e 2 e n t s [ i ] ;
}
d e l e t e  r e d u c e 2 e n t s ;  
d e l e t e  r e d u c e 2 i t e m s ;
r e d u c e 2 r o w s  =  0 ;  
r e d u c e 2 i t e m s  =  N U L L ;  




F i n d  t h e  b e s t  s e p a r a t i o n s  p o i n t s  t o  g e n e r a t e  a  3  l e v e l  r e d u c t i o n  t a b l e  
f o r  b i n a r y  t o  M D L N S
*/
i n t  m a p  : :  f i n d b e s t 3 d p a r t i t i o n (  i n t  m o d e  ) 
{
/ * - .
i n t i ;
i n t j  ;
i n t k ;
i n t k l ;
i n t k 2  ;
i n t k 3  ;
i n t d 2  ;
i n t d n ;
i n t s e g m e n t ;
i n t o p t i m i z e ;
i n t s e c t i o n s ;
i n t d 2 2  ;
i n t d n 2 ;
i n t s e g m e n t 2 ;
i n t o p t i m i z e 2
i n t s e c t i o n s 2
i n t b e s t  =  - 1
i n t b e s t d 2 ;
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i n t  b e s t d n ;  
i n t  b e s t 2 ;  
i n t  b e s t d 2 2 ;  
i n t  b e s t d n 2 ;  
i n t  b e s t k ;
/*  */
/ *  s e t u p  a  s t o p p i n g  p o i n t  * /  
b e s t k  =  t o t a l  +  1 ;
/ *  f i r s t  f i n d  a  2  l e v e l  s e p a r a t i o n  p o i n t ,  u s e  c h e c k r e d u c t i o n  * /  
f o r t  i  =  2 ;  i  <  t o t a l  /  2 ;  i + +  )
{
/ *  m a k e  s u r e  t h e  n u m b e r  o f  s e c t i o n s  p e r  r o w  i s  1  * /  
i f  
(
c h e c k r e d u c t  i o n  
(
t o t a l ,  
i ,
& d 2 ,
& d n ,
& s e g m e n t ,
^ o p t i m i z e ,
& s e c t i o n s ,
1
)




*  f o u n d  o n e
*  c o l u m n s  
*/
k l  =  ( i n t  )  c e i l  (  (  d o u b l e  )  t o t a l  /  i  ) ;
/ *  t r y  t o  b r e a k  u p  t h e  r o w  * /
f o r t  j  =  2 ;  j  <  i  /  2 ;  j + +  )
{
/ *  c a l c u l a t e  t h e  s t a t s ,  s u m  o f  a l l  t h e  t a b l e s  * /
k 2  =  (  i n t  )  c e i l (  (  d o u b l e  )  i  /  j  ) ;
k 3  =  j ;
k  =  k l  +  k 2  +  k 3 ;
/ *  d o n ' t  e v e n  b o t h e r  i f  w e  w o n ' t  b e a t  t h e  b e s t  s o  f a r  * /  
i f (  k  >  b e s t k  )
{
c o n t i n u e ;
}
/ *  c h e c k  t o  s e e  i f  w e  c a n  b r e a k  i t  u p  * /  
i f  
(




& d 2 2 ,
& d n 2 ,
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& s e g m e n t 2 ,
S c o p t i m i  z e 2 ,
& s e c t i o n s 2 ,
1
)
& &  s e c t i o n s 2  = =  1  
)
{
/ *  y e s  w e  c a n  * /  
i f (  k  < =  b e s t k  )
{
/ *  m a k e  s u r e  t h e  d a t a  i s  c o n s i s t e n t  * /  
i f (  ! a p p r o x i m a t e t a b l e s (  i ,  d 2 ,  d n ,  j ,  d 2 2 ,  d n 2 ,  m o d e  )  
{
c o n t i n u e ;
}
/ *  w e  f o u n d  o n e  * /  
p r i n t f  
(
" #  G o o d 3 :  S l = % d  S 2 = % d  T o t a l = % d  T l = % d  T 2 = % d  T 3 = % d \ n " ,  
i ,
j  <
k ,  
k l ,  
k 2 ,  
k 3
/ *  u p d a t e  t h e  s t a t s  * /
b e s t k  =  k ;
b e s t  =  i ;
b e s t d 2  =  d 2 ;
b e s t d n  =  d n ;
b e s t 2  =  j ;
b e s t d 2 2  =  6.22;
b e s t d n 2  =  d n 2 ;
}
}
/ *  i f  w e  d i d n ' t  f i n d  o n e ,  l e a v e  * /  
i f (  b e s t  <  0  )
{
r e t u r n  0 ;
}
/ *  w e  d i d ,  u p d a t e  t h e  d a t a  s t r u c t u r e s  * /  
k l  =  (  i n t  )  c e i l  (  { d o u b l e  )  t o t a l  /  b e s t  ) ;  
k 2  =  (  i n t  )  c e i l  (  (  d o u b l e  )  b e s t  /  b e s t 2  ) ;  
k 3  =  b e s t 2 ;
/ *  s u m  e v e r y t h i n g  u p  * /  
k  =  k l  +  k 2  +  k 3  ;
p r i n t f (  " #  B e s t 3 :  T o t a l = % d  T l = % d  T 2 = % d  T 3 = % d \ n " ,  k ,  k l ,  k 2 ,  k 3
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h e i g h t 3 1  =  b e s t ;  
d e l 2 3 1  =  b e s t d 2 ;  
d e l n 3 1  =  b e s t d n ;  
h e i g h t 3 2  =  b e s t 2  
d e l 2 3 2  =  b e s t d 2 2  
d e l n 3 2  =  b e s t d n 2
r e t u r n  k ;
}
/*
T h i s  f u n c t i o n  i s  u s e d  b y  t h e  3  l e v e l  r e d u c t i o n  t o  v e r i f y  t h a t  a l l  t h e  
t a b l e s  w i l l  w o r k .
*/
i n t  m a p  : ;  a p p r o x i m a t e t a b l e s  
(
i n t  b e s t ,  
i n t  d 2 ,  
i n t  d n ,  
i n t  b e s t 2 ,  
i n t  d 2 2 ,  
i n t  d n 2 ,  




- - * /
i n t i  ;
i n t j  ;
i n t k ;
i n t 1 ;
i n t k l
i n t k 2
i n t i 2
i n t i n
t a b l e * t
t a b l e * t l ;
t a b l e * t 2  ;
t a b l e * t 3  ;
i n t t l m a x 2 = 1 ;
i n t t l m i n 2 = - l ;
i n t t l m a x n = 1 ;
i n t t l m i n n = - i ;
i n t t 2 m a x 2 = 1 ;
i n t t 2 m i n 2 = - i ;
i n t t 2 m a x n = l ;
i n t t 2 m i n n = - l ;
i n t t 3 m a x 2 = 1 ;
i n t t 3 m i n 2 = - i  ;
i n t t 3 m a x n = 1 ;
i n t t 3 m i n n = - l ;
- - * /
/ *  c o p y  o u r  S B D  m a t r i x  * /  
t  =  n e w  t a b l e  [ t o t a l ] ;
f o r (  i  =  0 ;  i  <  t o t a l ;  i + +  )  
{
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t  [  i  ]  . r e v  =  0 ;
}
f o r t  i  =  0 ;  i  <  t o t a l ;  i + +  )
{
i f (  u s e d [ i ]  )
{
t [ i ] . r e v  =  1 ;  
t [ i ] . v  =  s e q t i n d e x [ i ] ] . v ;  
t [ i ] . e 2  =  s e q  [ i n d e x  [ i ]  ] .  e 2  ;  
t [ i ] . e n  =  s e q [ i n d e x [ i ] ] . e n ;
}
}
k l  =  (  i n t  )  c e i l  (  (  d o u b l e  )  t o t a l  /  b e s t  ) ;
k 2  =  (  i n t  )  c e i l (  (  d o u b l e  )  b e s t  /  b e s t 2  ) ;
/ *  a l l o c a t e  m e m o r y  f o r  o u r  t a b l e s  * /  
t l  =  n e w  t a b l e  [ k l ] ;
t 2  =  n e w  t a b l e [ k 2 ] ;
t 3  =  n e w  t a b l e [ b e s t 2 ] ;
/ *  I n t e r p o l a t e  t h e  r e s t  o f  t h e  c o l u m n  i n f o r m a t i o n  * /  
f o r t  i  =  0 ;  i  <  b e s t ;  i + +  )
{
f o r (  j  =  0 ;  j  <  k l ;  j  + +  )
{
k  =  i  +  j  *  b e s t ;  
i f (  k  > =  t o t a l  )
{
c o n t i n u e ;
}
i f f  t [ k ] . r e v  = =  1  & &  k  > =  b e s t  & &  t [ k  -  b e s t ] . r e v  = =  0  )  
{
i 2  =  t  [ k ]  .  e 2  ;  
i n  =  t [ k ] . e n ;
1  =  k  -  b e s t ;  
w h i l e (  1  > =  0  )
{
i 2  - =  d 2 ;  
i n  - =  d n ;  
t [ 1 ] . r e v  =  1 ;  
t [1 ] . e2 = i 2 ; 
t [ 1 ] . e n  =  i n ;
t  [ 1 ]  . v  =  e x p t  l o g 2  *  i 2  +  l o g n  *  i n  ) ;
1  - =  b e s t ;
}
j  =  k l  +  1 ;
}
i f (  t [ k ] . r e v  = =  0  & &  k  > =  b e s t  & &  t  [ k  -  b e s t ] . r e v  = =  1  )  
{
i 2  =  t [ k  -  b e s t ]  . e 2 ;  
i n  =  t [ k  -  b e s t ] . e n ;
1  =  k ;
w h i l e (  1  <  t o t a l  )
{
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i 2  + =  6.2;
i n  + =  d n ;  
t [ 1 ] . r e v  =  1 ;  
t  [ 1 ]  .  e 2  =  i 2 ;
t  [ 1 ]  . e n  =  i n ;
t [ l ] . v  =  e x p (  l o g 2  *  i 2  +  l o g n  *  i n  ) ;
1  + =  b e s t ;
}




/ *  G e n e r a t e  t h e  f i r s t  c o l u m n  t a b l e  * /
f o r (  i  =  0 ;  i  <  k l ;  i + +  )
{
t l [ i ]  . e 2  =  d 2  *  i ;
t l [ i ]  . e n  =  d n  *  i  ;
t l [ i ] . v  =  e x p (  l o g 2  *  t l [ i ] . e 2  +  l o g n  *  t l [ i ] . e n  ) ;  
t l  [ i ]  . r e v  =  1 ;
}
/ *  G e n e r a t e  t h e  s e c o n d a r y  r o w  * /
f o r t  i  =  0 ;  i  <  b e s t 2 ;  i + +  )
{
t 3 [ i ] . r e v  =  0 ;  
k  =  0 ;  
j  =  0 ;
w h i l e (  t [ i  +  j  +  k ] . r e v  = = 0  | |  t [ j  +  k ] . r e v  = = 0  | |  i  +  j  
{
j  =  j  +  b e s t 2 ;
i f  (  j  >  b e s t  | |  i  +  j  +  k  > =  t o t a l  | | j  +  k  > =  t o t a l  )
{
k  =  k  +  b e s t ;  
j  =  0 ;
i f (  i  +  j  +  k  > =  t o t a l  )
{
j  =  0 ;
k  =  - 1 ;




i f ( k  <  0  )
{
c o n t i n u e ;
}
t 3 [ i ] . e 2  =  t [ i  +  j  +  k ]  .  e 2  -  t  [ j  +  k ] . e 2 ;
t 3 [ i ] . e n  =  t [ i  +  j  +  k ] . e n  -  t  [ j  +  k ] . e n ;
t 3  [ i ]  . v  =  e x p (  l o g 2  *  t 3  [ i ]  . e 2  +  l o g n  *  t 3  [ i ]  . e n  ) ;
1 3 [ i ]  . r e v  =  1 ;
}
/ *  G e n e r a t e  t h e  p r i m a r y  r o w  * /  
f o r t  i  =  0 ;  i  <  k 2 ;  i + +  )
> =  b e s t  )
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{
t 2 [ i ]  . r e v  =  0 ;
f o r (  j  = 0 ;  j  <  b e s t 2 ;  j + +  )
{
k  = 0;
w h i l e ( t [ i  *  b e s t 2  +  k  +  j ] . r e v  = =  0  )
{
k  =  k  +  b e s t ;
i f (  i  *  b e s t 2  +  k  +  j  > =  t o t a l  )
{
k  =  - 1 ;  
b r e a k ;
}
}
i f (  k  > =  0  )
{
b r e a k ;
}
}
i f (  k  <  0  )
{
c o n t i n u e ;
}
t 2 [ i ] . e 2  =  (  t [ i  *  b e s t 2  +  k  +  j ] . e 2  -  t 3 [ j ] . e 2  )  -  (  d 2  *  k  /  b e s t  ) ;
t 2 [ i ] . e n  =  (  t [ i  *  b e s t 2  +  k  +  j ]  . e n  -  t 3  [  j ]  . e n  )  -  (  d n  *  k  /  b e s t  ) ;
t 2  [ i ]  . v  =  e x p (  l o g 2  *  t 2 [ i ] . e 2  +  l o g n  *  t 2 [ i ] . e n  ) ;  
t 2  [ i ]  . r e v  =  1 ;
}
/ *  c l e a n  u p  * /  
d e l e t e  t ;
/ *  V e r i f y  t h e  t a b l e s  * /
1 =  0 ;
f o r (  i  =  0 ;  i  <  k l ;  i + +  )
{
f o r (  j  =  0 ;  j  <  k 2 ;  j  + +  )
{
f o r (  k  =  0 ;  k  <  b e s t 2 ;  k + +  )
{
i f (  1  > =  c o u n t  )
{
c o n t i n u e ;
}
i f (  j  *  b e s t 2  +  k  > =  b e s t  )
{
c o n t i n u e ;
}
i 2  =  (  t l  [ i ]  .  r e v  *  t l  [ i ]  . e 2  )  +  (  t 2  [  j ]  . r e v  *  t 2  [  j ]  . e 2  )  +  (  t 3 [ k ]  
t 3  [ k ]  .  e 2  )  ;
i n  =  (  t l  [ i ]  .  r e v  *  t l  [ i ]  . e n  )  +  (  t 2  [ j ]  .  r e v  *  t 2  [  j ]  . e n  )  +  (  t 3 [ k ]  
t 3  [ k ]  .  e n  )  ;
.  r e v  *  
.  r e v  *
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t l m i n 2 = m i n  ( t l m i n 2 , t l [ i .  e 2
t l m a x 2 = m a x  ( t l m a x 2 , t l [ i .  e 2
t l m i n n = m i n  ( t l m i n n , t l [ i .  e n
t l m a x n = m a x  ( t l m a x n , t l [ i .  e n
t 2 m i n 2 = m i n  ( t 2 m i n 2 , t 2 [ j .  e 2
t 2 m a x 2 = m a x  ( t 2 m a x 2 , t 2 [ j .  e 2
t 2 m i n n = m i n  ( t 2 m i n n , t 2 [ j .  e n
t 2 m a x n = m a x  ( t 2 m a x n , t 2 [ j .  e n
t 3 m i n 2 = m i n  ( t 3 m i n 2 , t 3 [ k .  e 2
t 3 m a x 2 = m a x  ( t 3 m a x 2 , t 3 [ k .  e 2
t 3 m i n n = m i n  ( t 3 m i n n , t 3 [ k .  e n
t 3 m a x n = m a x  ( t 3 m a x n , t 3 [ k .  e n
i f  (  i n < l i m l o w  | |  i n > l i m h i g h
{
c o n t i n u e ;
}
i f  (  i 2  = =  s e q [ l ]  . e 2  & &  i n  = =  s e q [ l ]  . e n  )
{





i f (  1  ! =  c o u n t  )
{
/ *  p r i n t f (  " #  V e r i f i c a t i o n  e r r o r \ n "  ) ;  * /
1 =  - 1 ;
}
/ *  c l e a n  u p  i f  w e  h a v e  p r o b l e m s  o r  a r e  a s k e d  t o  * /  
i f  ( 1  <  0  | | i m o d e  )
{
d e l e t e  t l ;  
d e l e t e  t 2 ;  
d e l e t e  t 3 ;
}
/ *  l e a v e  i f  w e  h a v e  p r o b l e m s  * /
i f  (  1 <  o )
{
r e t u r n  0 ;
}
/ *  l e a v e  i f  w e  a r e  a s k e d  t o  * /  
i f (  i m o d e  )
{
r e t u r n  1 ;
}
/*----------- */
/ *  p r i n t  o u t  t h e  t a b l e  d a t a  * /  
l o n g  i n t  v ;
/* ----------- */
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v _ f p b i t s  =  (  i n t  )  (  l o g ( f p m u l t  )  /  l o g 2  )  +  1 ;
/* -----------------------------------------------------------*/
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . b t o m t a b l e l "  ) ;
/* -----------------------------------------------------------*/
/ *  C o l u m n  t a b l e  * /
p r i n t f (  " #  r e m o v e  b t o m t a b l e l  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  b t o m t a b l e l  t a b l e \ n "  ) ;
t l m i n 2  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - t l m i n 2  )  /  l o g 2  ) ,
f l o o r (  l o g (  t l m a x 2  )  /  l o g 2  ) +  1
) + 1; 
t l m i n n  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - t l m i n n  )  /  l o g 2  ) ,
f l o o r (  l o g (  t l m a x n  )  /  l o g 2  )  +  1
> + 1 ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D B T 0 M T 1  >  % s \ n " ,
C O M M _ t o b i n a r y ,
v _ f p b i t s ,
- t l m i n 2 ,
- t l m i n n ,  
v _ f p b i t s ,  
f n a m e
) ;
f o r (  i  =  0 ;  i  <  k l ;  i + +  )
{
v  =  (  l o n g  i n t  )  f l o o r (  t l [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ t % d \ t % d \ t " ,  v ,  t l [ i ] . e 2 ,  t l [ i ] . e n  ) ;
v  =  (  l o n g  i n t  )  f l o o r (  1 . 0  /  t l [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
}
p r i n t f ( " E N D B T O M T l \ n "  ) ;  
d e l e t e  f n a m e ;
/ *  p r i m a r y  r o w  t a b l e  * /
f n a m e  =  f i l e n a m e (  " b i n . b t o m t a b l e 2 "  ) ;
p r i n t f (  " #  r e m o v e  b t o m t a b l e 2  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  b t o m t a b l e 2  t a b l e \ n "  ) ;
t 2 m i n 2  =  (  i n t  )  m a x
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(
c e i l (  l o g (  - t 2 m i n 2  )  /  l o g 2  ) ,
f l o o r (  l o g (  t 2 m a x 2  )  /  l o g 2  )  +  1
) + 1 ; 
t 2 m i n n  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - t 2 m i n n  )  /  l o g 2  ) ,
f l o o r (  l o g ( t 2 m a x n  )  /  l o g 2  )  +  1
) + 1 ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D B T 0 M T 2  >  % s \ n " ,
C O M M _ t o b i n a r y ,
v _ f p b i t s ,
- t 2 m i n 2 ,
- t 2 m i n n ,  
v _ f p b i t s ,  
f n a m e
) ;
k  =  0 ;
f o r (  i  =  0 ;  i  <  k 2 ;  i + +  )
{
i f  (  t 2  [ i ]  . r e v  )
{
v  =  (  l o n g  i n t  )  f l o o r (  t 2 [ i ]  . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ t % d \ t % d \ t " ,  v ,  t 2 [ i ] . e 2 ,  t 2 [ i ] . e n  ) ;
v  =  (  l o n g  i n t  )  f l o o r (  1 . 0  /  t 2 [ i ]  . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
i f (  k  = =  0  )
{
k  =  i ;
}
}
p r i n t f (  " E N D B T O M T 2 \ n "  ) ;
d e l e t e  f n a m e ;
/ *  s e c o n d a r y  r o w  t a b l e  * /
f n a m e  =  f i l e n a m e t  " b i n . b t o m t a b l e 3 "  ) ;
p r i n t f (  " #  r e m o v e  b t o m t a b l e 3  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  b t o m t a b l e 3  t a b l e \ n "  ) ;
t 3 m i n 2  =  (  i n t  )  m a x  
(
c e i l (  l o g (  - t 3 m i n 2  )  /  l o g 2  ) ,  
f l o o r (  l o g (  t 3 m a x 2  )  /  l o g 2  )  +  1  
) + 1 ; 
t 3 m i n n  =  ( i n t  )  m a x  
(
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c e i l (  l o g (  - t 3 m i n n  )  /  l o g 2  ) ,  
f l o o r (  l o g (  t 3 m a x n  )  /  l o g 2  )  +  1  
)  +  1 ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D B T O M T 3  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ f p b i t s ,
- t 3 m i n 2 ,
- t 3 m i n n ,  
v _ f p b i t s ,  
f n a m e
) ;
/*----------------------------------------- */
t a b l e  * t e m p t  =  n e w  t a b l e [ b e s t 2 ] ;
/* ----------------------------------------- */
/ *  r e m o v e  e m p t y  r o w s  * /
j  =  0 ;
f o r (  i  =  0 ;  i  <  b e s t 2 ;  i + +  )
{
i f (  t 3  [ i ]  . r e v  )
{
t e m p t [ j ]  . e 2  =  t 3  [ i ]  . e 2 ;  
t e m p t [ j ] . e n  =  t 3 [ i ] . e n ;  
t e m p t [ j ] . v  =  t 3  [ i ]  . v ;
j  +  +  ;
}
}
v  =  (  l o n g  i n t  )  f l o o r (  t e m p t [ 0 ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ t % d \ t % d \ t " ,  v ,  t e m p t [ 0 ] . e 2 ,  t e m p t [ 0 ] . e n  } ;  
v  =  (  l o n g  i n t  )  f l o o r (  t e m p t [ 0 ]  . v  *  f p m u l t  +  0 . 5  )  ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
f o r (  i  =  1 ;  i  <  j ;  i + +  )
{
v  =  (  l o n g  i n t  )  f l o o r (  ( t e m p t [ i ]  . v  +  t e m p t [ i  -  1 ]  . v )  /
) ;
p r i n t f (  " % l d \ t % d \ t % d \ t " ,  v ,  t e m p t [ i ] . e 2 ,  t e m p t [ i ] . e n  ) ;  
v  =  (  l o n g  i n t  )  f l o o r (  t e m p t [ i ] . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
i 2  =  t e m p t [ i ] . e 2 ;  
i n  =  t e m p t [ i ] . e n ;
}
i f (  t 2 [ k ] . e 2  ! -  i 2  & &  t 2 [ k ] . e n  ! =  i n  )
{
v  =  (  l o n g  i n t  )  f l o o r (  ( t 2 [ k ]  . v  +  t e m p t  [ j  -  1 ]  . v )  /  2 .
p r i n t f (  " % l d \ t % d \ t % d \ t " ,  v ,  t 2 [ k ] . e 2 ,  t 2 [ k ] . e n  } ;  
v  =  (  l o n g  i n t  )  f l o o r (  t 2  [ k ]  . v  *  f p m u l t  +  0 . 5  ) ;  
p r i n t f (  " % l d \ n " ,  v  ) ;
}
/ *  c l e a n  u p  * /  
d e l e t e  t e m p t ;
2 . 0  *  f p m u l t  +  0 . 5
*  f p m u l t  +  0 . 5  ) ;
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p r i n t f (  " E N D B T O M T 3 \ n "  ) ;
d e l e t e  f n a m e ;
d e l e t e  t l ;  
d e l e t e  t 2 ;  
d e l e t e  t 3 ;
r e t u r n  1 ;
}
A.2.1.8 map_addsub.cpp
/ * $ 6
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
T h i s  p o r t i o n  o f  t h e  m a p  c l a s s  p e r f o r m s  t h e  a d d i t i o n / s u b t r a c t i o n  t a b l e  
g e n e r a t i o n
++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
*/
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >  
# i n c l u d e  < m a t h . h >
# i n c l u d e  < s t r i n g . h >
# i n c l u d e  " m a p . h "
# i n c l u d e  " m a p _ f u n c t i o n s . h "  
t t i n c l u d e  " m a p _ i n l i n e s . h "
# d e f i n e  f a s t a d d s u b m o d e
/*
F i n d  t h e  b e s t  " m "  t o  g e n e r a t e  t h e  s m a l l e s t  a d d i t i o n  a n d  s u b t r a c t i o n  
t a b l e s
*/
i n t  m a p  : :  f i n d a d d t  v o i d  )
{
/*----------------------------------- */
i n t  i  ;
i n t  j  ;
i n t  z  =  0 ;
i n t  m i n e n t s  =  b i g n u m ;
i n t  m i n m a p  =  b i g n u m ;
i n t  m i n f a c  =  b i g n u m ;
i n t  d u p l i c a t e  =  - 1 ;
i n t  s a ;
i n t  s s ;
i n t  l a s t g e n ;
d o u b l e  e ;
d o u b l e  a d j ;
i n t  m o s t  =  c o u n t  *  1 0 2 4 ;
/*----------------------------------- */
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/ *  s e t  o u r  s e a r c h  p a r a m e t e r  b a s e d  o n  t h e  s m a r t  s e a r c h  s e t t i n g  * /  
i f (  s m a r t s e a r c h  )
{
a d j  =  1 . 0  /  p o w (  2 ,  b i t s  ) ;
}
e l s e
{
a d j  =  1 . 0 ;
}
/ *  s t a r t  " m "  a t  t h e  n u m b e r  o f  e l e m e n t s  i n  o u r  s e q u e n c e  * /  
i  =  c o u n t ;
w h i l e (  1  )
{
/ *  f i n d  t h e  n e x t  b e s t  s i z e  * /  
j  =  f i n d b e s t s i z e ( i ,  m o s t ,  a d j ,  & e  ) ;
/ *  i f  i t  i s  z e r o ,  t h e r e  a r e  n o  m o r e  l e f t ,  l e a v e  * /  
i f  (  ! j  )
{
b r e a k ;
}
/ *  o u t p u t  o u r  " m "  * /
p r i n t f ( "#  T r y i n g :  % d \ t % l f \ n " ,  j ,  e  ) ;  
f f l u s h (  s t d o u t  ) ;
/ *  I f  t h e  S B D  s e r i e s  c a n  b e  c r e a t e d ,  p r o c e e d  * /  
i f (  ! g e n e r a t e ( j ,  N U L L  )  )
{
/ *  r e m e m e b e r  t h e  l a s t  " m "  f o r  l a t e r  * /  
l a s t g e n  =  j ;
/ *  t r y  t o  g e n e r a t e  t h e  a d d i t i o n  t a b l e  * /  
s a  =  a d d t a b l e _ s e q u e n c e ( ) ;
/ *  i f  s o  . . .  * /  
i f (  s a  )
{
/ *  g e n e r a t e  t h e  s u b t r a c t i o n  t a b l e  t o o  * /  
s s  =  s u b t a b l e _ s e q u e n c e ( ) ;
}
/ *  i f  b o t h  t a b l e s  w e r e  g e n e r a t e d  s u c c e s s f u l l y  . . .  * /  
i f (  s a  >  0  & &  s s  >  0  )
{
/ *  s e e  i f  t h e i r  c o m b i n e d  e n t r i e s  e x c e e d s  t h e  b e s t  r e c o r d e d  * /  
i f (  s a  +  s s  <  m i n e n t s  )
{
/ *  y e s ,  u p d a t e  b e s t  * /  
m i n e n t s  =  s a  +  s s ;
/ *  r e s e t  t h e  d u p l i c a t e / r e t r i e s  f l a g  * /  
d u p l i c a t e  =  0 ;
/ *  r e c o r d  m  * /  
m i n m a p  =  j ;
}
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e l s e
{
/ *  n o p e ,  t h e  s a m e  o r  m o r e  t h e n  b e s t ,  i n c r e m e n t  t h e  r e t r i e s  * /  
d u p l i c a t e + + ;
}
}
/ *  i f  o u r  m  g e t s  r e a l l y  b i g ,  g i v e  u p  * /  
i f (  j  >  c o u n t  *  1 0 2 4  )
{
b r e a k ;
}
}
/ *  g e t  r e a d y  f o r  n e x t  t r y  * /
i  =  j  +  1 ;
/ *  i f  w e ' v e  e x c e e d e d  o u r  m a x  r e t r i e s ,  l e a v e  * /  
i f (  d u p l i c a t e  > =  r e t r i e s  )
{
b r e a k ;
}
}
/ *  I f  o u r  b e s t  w a s  j u s t  p r e v i o u s l y  c o m p u t e d ,  s k i p  d o i n t  i t  a g a i n  * /  
i f (  m i n m a p  ! =  l a s t g e n  )
{
/ *  g e n e r a t e  t h e  S B D  s e r i e s  * /  
g e n e r a t e (  m i n m a p ,  N U L L  ) ;
/ *  g e n e r a t e  t h e  a d d i t i o n  t a b l e  * /  
a d d t a b l e _ s e q u e n c e ( ) ;
/ *  g e n e r a t e  t h e  s u b t r a c t i o n  t a b l e  * /  
s u b t a b l e _ s e q u e n c e ( ) ;
}
/ *  O u t p u t  s o m e  i n f o r m a t i o n  * /
p r i n t f (  " #  m = % d \ t t o t a l e n t r i e s = % d \ n " ,  m i n m a p ,  m i n e n t s  ) ;  
r e t u r n  0 ;
}
/*
T r y  t o  f i n d  t h e  n e x t  b e s t  " m "  f o r  a d d i t i o n  a n d  s u b t r a c t i o n  t a b l e  
g e n e r a t i o n
*/
i n t  m a p  : :  f i n d b e s t s i z e (  i n t  s t a r t ,  i n t  e n d ,  d o u b l e  l e a s t ,  d o u b l e  * e r r  ) 
{
/*------------- */
d o u b l e  a ;  
d o u b l e  b ;  
d o u b l e  l o g x ;  
d o u b l e  e r ;  
i n t  i  ;
/* -------------*/
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/ *  s a v e  s o m e  F P  c o m p u t a t i o n a l  t i m e  * /  
l o g x  =  l o g n  /  l o g ( 2  ) ;
/ *  s e t  o u r  e r r o r  t o  s o m e t h i n g  b i g  * /  
e r  =  b i g n u m ;
/ *  s e t  o u t  s t a r t i n g  p o i n t  * /  
i  =  s t a r t ;
/ *  l o o p  u n t i l  t h e  s t o p p i n g  p o i n t  * /  
w h i l e (  i  < =  e n d  )
{
/ *  f i n d  l o g n * i / l o g ( 2 )  * /  
a  =  l o g x  *  i ;
/ *  g e t  t h e  i n t e g e r  o f  i t  * /  
b  =  f l o o r (  a  +  0 . 5  )  ;
/ *  f i n d  f r a c t i o n a l  p a r t  * /  
e r  =  f a b s (  b  -  a  )  ;
/*
*  i f  i t  i s  l e s s  t h e n  o u r  t a r g e t ,  l e a v e
*  t h e  s m a l l e r  t h e  f r a c t i o n ,  t h e  b e t t e r  t h e  c h o i c e  f o r  m ,  o r  s o  w e
*  t h i n k  
*/
i f  ( e r  <  l e a s t  )
{
b r e a k ;
}
/ *  i f  n o t ,  t r y  t h e  n e x t  v a l u e  * /  
i + + ;
}
/ *  i f  o u r  l o o p  e n d e d  b e c a u s e  w e  r e a c h e d  t h e  l i m i t ,  r e t u r n  e r r o r  * /  
i f (  i  >  e n d  )
{
r e t u r n  0 ;
}
/ *  u p d a t e  t h e  e r r o r  p o i n t e r  i f  p r o v i d e d  * /  
i f (  e r r  )
{
* e r r  =  e r ;
}
/ *  r e t u r n  t h e  b e s t  g u e s s  f o r  " m "  * /  
r e t u r n  i ;
}
/*
C l e a n  o u t  a l l  m e m o r y  a l l o c a t e d  b y  t h e  a d d i t i o n / s u b t r a c t i o n  t a b l e s
*/
v o i d  m a p  : :  a d d s u b _ c l e a n ( v o i d  )  
{
/ *  r e m o v e  o n l y  i f  a l l o c a t e d  * /
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i f  (  a d d l u t  )
{
d e l e t e  a d d l u t ;
}
a d d l u t  =  N U L L ;
i f  (  s u b l u t  )
{
d e l e t e  s u b l u t ;
}
s u b l u t  =  N U L L ;
}
P a c k  d o w n  t h e  w o r k i n g  a d d i t i o n / s u b t r a c t i o n  d a t a  s t u r c t u r e  i n t o  a  f o r m  
m o r e  s u i t a b l e  f o r  a n  R A L U T
*/
i n t  m a p  : :  a d d s u b r e d u c e (  a s t a b  * i n t a b ,  i n t  l i m i t ,  i n t  * l a s t  )  
{
/ * -------------------
i n t i  ;
i n t j  ;
i n t k ;
i n t 1 ;
i n t a d d l  ;
i n t a d d 2
d o u b l e a d d ;
/ *  f i g u r e  o u t  t h e  s m a l l e s t  p o s s i b l e  a d j u s t m e n t  * /
i n t  l a s t i n d i c a t e  =  (  i n t  )  f l o o r (  (  f l o a t  )  t o t a l  *  ( i n c [ 0 ] . v  -  1 . 0 )  /  2 . 0  
) ;
/*  */
/ *  s e t  o u r  c u r r e n t  l a s t  e n t r y  t o  t h e  l i m i t  * /
* l a s t  =  l i m i t ;
/ *  g o  t h r o u g h  a l l  e n t r i e s  * /  
f o r ( j  = 0 ;  j  <  l i m i t ;  j + +  )
{
/ *  s k i p  e m p t y  o n e s  * /
i f (  i n t a b [ j ] . a d j  = =  e m p t y  )
{
i n t a b [ j ] . f i x  =  0 ;  
c o n t i n u e ;
}
/ *  a p p l y  f i x  t o  t h e  m a i n  a d j u s t m e n t  * /  
i n t a b [ j ] . a d j  =  i n t a b [ j ] . a d j  +  i n t a b [ j ] . f i x ;
/ *  m a k e  t h e  l o w  r e f e r e n c e  a b s o l u t e  * /  
i n t a b [ j ] . l o w  =  i n t a b [ j ] . a d j  +  i n t a b [ j ] . l o w ;
/ *  s e t  i t  t o  z e r o  i f  i t  i s  n e g a t i v e  * /  
i f (  i n t a b [ j ] . l o w  <  0  )
{
i n t a b  [  j ]  . l o w  =  0 ;
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}
/ *  m a k e  t h e  h i g h  r e f e r e n c e  a b s o l u t e  a l s o  * /  
i n t a b [ j ]  . h i g h  =  i n t a b  [ j ]  . a d j  +  i n t a b  [ j ]  . h i g h ;
/ *  s e t  i t  t o  z e r o  i f  i t  i s  a l s o  n e g a t i v e  * /  
i f (  i n t a b  [ j ]  . h i g h  <  0  )
{
i n t a b [ j ] . h i g h  =  0 ;
}
/ *  s e t  t h e  " f i x "  t o  i n d i c a t e  i t  w a s  p r o c e s s e d  * /  
i n t a b [ j ] . f i x  =  1 ;
/ *  r e s e t  o u r  l a s t  e n t r y  i f  i t  i s  t h e  l a s t  a d j u s t m e n t  * /  
i f (  j  <  * l a s t  & &  i n t a b [ j ] . l o w  = =  0  & &  i n t a b [ j ] . h i g h  = =  l a s t i n d i c a t e  )  
{
* l a s t  =  j ;
}
}
/ *  r e p o r t  o n  s o m e  s t a t s  * /
p r i n t f (  " #  r e d u c i n g  l i m i t = % d  l a s t = % d  " ,  l i m i t ,  * l a s t  ) ;  
f f l u s h t  s t d o u t  ) ;
/ *  l o o p  t h r o u g h  a g a i n ,  t h i s  t i m e  r e m o v i n g  r e d u n d a n t  l i n e s  * /  
i  =  0 ;
f o r t  j  = 0 ;  j  <  l i m i t ;  j + +  )
{
/ *  s k i p  e m p t y  e n t r i e s  * /  
i f (  i n t a b [ j ] . a d j  = =  e m p t y  )
{
c o n t i n u e ;
}
i + +  ;
/ *  g e t  t h e  c u r r e n t  l i m i t s  * /  
a d d l  =  i n t a b [ j ] . l o w ;  
a d d 2  =  i n t a b [ j ] . h i g h ;
/*
*  c h e c k  t h e  f o l l o w i n g  l i m i t s  t o  s e e  i f  t h e y  a r e  i n c l u d e d  i n  t h e
*  c u r r e n t  l i m i t s  
*/
f o r (  k  =  1 ;  k  <  l i m i t  -  j ;  k + +  )
{
/ *  s k i p  e m p t y  e n t r i e s  * /
i f (  i n t a b  [ j  +  k ] . a d j  = =  e m p t y  )
{
c o n t i n u e ;
}
/ *  i s  t h e  f o l l o w i n g  h i g h  l e s s  t h a n  t h e  c u r r e n t ?  * /  
i f (  i n t a b  [ j  +  k ]  . h i g h  <  a d d l  )
{
b r e a k ;
}
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/ *  i s  t h e  f o l l o w i n g  l o w  g r e a t h e r  t h a n  t h e  c u r r e n t ?  * /  
i f (  i n t a b  [ j  +  k ]  . l o w  >  a d d 2  )
{
b r e a k ;
}
/ *  i t  i s  i n s i d e  t h e  c u r r e n t ,  a d j u s t  t h e  n e w  l i m i t s  * /  
a d d l  =  m a x (  a d d l ,  i n t a b [ j  +  k ] . l o w  ) ;
a d d 2  =  m i n t  a d d 2 ,  i n t a b [ j  +  k ] . h i g h  ) ;
/ *  s e t  t h e  f o l l o w i n g  e n t r y  t o  a n  e m p t y  o n e  * /  
i n t a b  [ j  +  k ] . a d j  =  e m p t y ;
}
/ *  n o  m o r e  e n t r i e s  c a n  b e  m e r g e d ,  f i n d  t h e  a v e r a g e  v a l u e  * /  
a d d  =  (  d o u b l e  )  (  a d d l  +  a d d 2  )  /  2 . 0 ;
/ *  s t o r e  t h e  i n t e g e r  v e r s i o n  i n  t h e  t a b l e  * /  
i n t a b [ j ] . a d j  =  (  i n t  )  f l o o r (  a d d  +  0 . 5  ) ;
1  =  k ;
/ *  f i l l  t h o s e  r e f e r e n c e s  w i t h  t h e  s a m e  v a l u e  * /  
f o r t  k  =  1 ;  k  <  1 ;  k + +  )
{
/ *  i f  t h e  f i x  e n t r y  i s  s e t ,  s e t  t h e  v a l u e  * /
i f (  i n t a b  [ j  +  k ] . f i x  )
{
i n t a b  [ j  +  k ] . a d j  =  i n t a b  [ j ] . a d j ;
}
/ *  s e t  t h e  f i x  t o  z e r o  t o  i n d i c a t e  t h e  e n t r y  i s n ' t  a v a i l a b l e  * /  
i n t a b  [ j  +  k ]  . f i x  =  0 ;
/*
*  t h i s  s p e e d s  u p  t h e  v e r i f i c a t i o n  p r o c e s s  b y  n o t  h a v i n g  t o  l o o k
*  a t  t h e  t a b l e  a s  a n  R A L U T  b u t  m o r e  a s  a  L U T  
*/
}
/ *  f i n d  t h e  n e x t  e n t r y  t o  t r y  t o  m e r g e  * /  
j  =  j  +  1  -  1 ;
}
/ *  p r i n t  s o m e  m o r e  s t a t s  * /
p r i n t f (  " r e s u l t = % d  @  % d \ n " ,  i ,  t o t a l  ) ;
r e t u r n  i ;
M a p  o u r  w o r k i n g  a d d i t i o n / s u b t r a c t i o n  t a b l e s  i n t o  a  f r i e n d l y  f o r m  f o r  a n  
R A L U T  -  J u s t  a  s i m p l e  I / O  t a b l e
*/
r a l u t  * m a p  : :  a d d s u b r a l u t (  a s t a b  * i n t a b ,  i n t  l i m i t ,  i n t  e n t s  ) 
{
/*  */
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i n t  i ;  
i n t  j  ; 
r a l u t  * o u t t a b ;
/*  */
/ *  a l l o c a t e  a  n e w  t a b l e  * /  
o u t t a b  =  n e w  r a l u t  [ e n t s ] ;
/ *  l o o p  t h r o u g h  a l l  t h e  v a l u e s  i n  o u r  w o r k i n g  t a b l e s  * /  
i  =  0 ;
f o r (  j  = 0 ;  j  <  l i m i t ;  j + +  )
{
/ *  o n l y  i f  t h e  f i x  m e m b e r  o f  t h e  s t r u c t u r e  i s  s e t  * /  
i f (  i n t a b  [  j ]  . f i x  )
{
/ *  m o v e  t h e  v a l u e s  i n t o  t h e  t a b l e  * /
o u t t a b  [ i ]  . i n  =  j ;
o u t t a b  [ i ]  . o u t  =  i n t a b [ j ]  .  a d j ;
/ *  n e x t  e n t r y  * /  
i +  +  ;
}
}
/ *  r e t u r n  t h e  p o i n t e r  * /  
r e t u r n  o u t t a b ;
}
/*
G e n e r a t e  t h e  a d d i t i o n  t a b l e  b a s e d  o n  o n l y  t h e  v a l i d  v a l u e s  i n  t h e  S B D
*/
i n t  m a p  : :  a d d t a b l e _ s e q u e n c e (  v o i d  )  
{
/ * -------------------
i n t i  ;
i n t j  ;
i n t k ;
i n t 1 ;
i n t j  m a x ;
d o u b l e s e g m e n t s ;
i n t i n d ;
i n t s q ;
i n t o f f s e t ;
i n t l i m i t ;
i n t l a s t ;
d o u b l e e x p e c t  ;
d o u b l e e r  ;
i n t s c a n l ;
d o u b l e h a l f  ;
d o u b l e h a l f 2 ;
d o u b l e h a l f d ;
d o u b l e h a l f d 2 ;
i n t h a l f i ;
i n t s q h ;
i n t s q l ;
i n t i i ;
Software Addition/Subtraction/Reduction Table Generator
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
333
University o f  W indsor
i n t i i p j  ;
d o u b l e v i  ;
d o u b l e v s q ;
d o u b l e l o g 2 m a p ;
i n t p r o g r e s s  ;
i n t p r o g r e s s l i m
i n t b o u n d s ;
i n t p a s s  =  1 ;
a s t a b * t t a b l e ;
/*  */
/*
*  c a l c u l a t e  a n  a p p r o x i m a t i o n  o n  t h e  a m o u n t  o f  s p a c e  t h a t  w i l l  b e
*  n e e d e d  f o r  t h e  t a b l e s ;  a d d  a  l i t t l e  f u d g e  j u s t  i n  c a s e .
*/
s e g m e n t s  =  l o g (  2 . 0  /  ( i n c [ 0 ] . v  -  1 . 0 )  ) /  l o g 2  *  1 . 2 5 ;
/ *  t u r n  i n  i n t o  a  f u l l  S B D  v a l u e ,  i n t o  j u s t  s e g m e n t s  * /  
l i m i t  =  l a s t  =  (  i n t  )  (  s e g m e n t s  *  (  d o u b l e  )  t o t a l  ) ;
/ *  c l e a n  u p  a n y t h i n g  f r o m  b e f o r e  * /  
a d d s u b _ c l e a n ( ) ;
/ *  a l l o c a t e  t h e  t a b l e  * /  
t t a b l e  =  n e w  a s t a b [ l i m i t ] ;
/ *  s e t u p  a  p r o g r e s s  l i m i t  * /
p r o g r e s s l i m  =  (  i n t  )  (  (  d o u b l e  )  c o u n t  /  s e g m e n t s  ) ;
/ *  e m p t y  o u t  t h e  w o r k i n g  t a b l e s  * /  
f o r (  j  = 0 ;  j  <  l i m i t ;  j + +  )
{
t t a b l e [ j ] . a d j  =  e m p t y ;  
t t a b l e  [ j ]  . l o w  =  - b i g n u m ;  
t t a b l e  [ j ]  . h i g h  =  b i g n u m ;  
t t a b l e  [ j ]  . f i x  =  0 ;
}
/*
*  O u t p u t  t h e  s e g m e n t s ,  t h i s  i s  a  g o o d  i n d i c a t o r  t o  h o w  l o n g  i t  w i l l
*  t a k e  t o  p r o c e s s  
*/
p r i n t f (  " #  S e g m e n t s = % l f \ n " ,  s e g m e n t s  ) ;
/ *  f i n d  o u r  m a x i m u m  i n  s e q u e n c e  f o r  f o r  t h e  l o o p s  * /  
j m a x  =  (  i n t  )  c e i l (  (  d o u b l e  )  c o u n t  *  s e g m e n t s  ) ;
/ *  h o w  m a n y  b i t s  i s  t h a t ?  * /  
l o g 2 m a p  =  t o t a l  /  l o g (  2  ) ;
/*
*  T h e r e  a r e  t w o  m o d e s  f o r  p r o c e s s i n g  t h e  a d d i t i o n  a n d  s u b t r a c t i o n
*  t a b l e s .
*/
# i f d e f  f a s t a d d s u b m o d e  
/*
*  T h e  F A S T  m o d e  m e r g e s  t h e  S L O W  m o d e s  p a s s  1  &  2  i n t o  o n e  p r o c e s s .
*  T h e  r e s u l t  i s  a  m o r e  e f f i c i e n t  r o u t i n e .  T h e  S L O W  m o d e  i s  l e f t  s o
*  t h a t  w e  c a n  s e e  h o w  t h e  s o f t w a r e  e v o l v e d
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*  P a s s  1  ( f a s t e r )
*/
p r i n t f (  " #  P a s s  % d  ( C o m p u t i n g )  : " ,  p a s s + +  )  ;  
f f l u s h (  s t d o u t  ) ;
/*
*  s e t  t h e  p r o g r e s s  c o u n t e r  t o  z e r o
*  t h e  p r o g r e s s  o u t p u t  o r i g i n a l l  w a s  b a s e d  o n  t h e  c o u n t e r  J  o r  t h e
*  n u m b e r  o f  s e g m e n t s  p r o c e s s e d .  I t  w a s  f o u n d  t o  b e  f a s t e r  i f  t h e
*  o u t t e r  m o s t  l o o p  w a s  d r i v e n  b y  I  i n s t e a d  o f  J .  B u t  s i n c e  t h e  n u m b e r
*  o f  s e g m e n t s  i s  p r i n t e d ,  w e  w a n t  t h e  m e t e r  t o  g o  u p  t o  t h a t  v a l u e  
*/
p r o g r e s s  =  0 ;
f o r t  i  =  0 ;  i  <  c o u n t ;  i + + ,  p r o g r e s s + +  )
{
/*
*  p r i n t  o u t  " . "  o n l y  w h e n  w e  n e e d  i t
*  t h i s  i s  a  f a s t  w a y  o f  d o i n g  p r o g r e s s  m e t e r s .  T h e  s l o w  w a y  i s  t o
*  d o  t h e  c a l c u l a t i o n  e v e r y  l o o p  -  t h a t  i s  r i d i c u l o u s  
*/
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h t  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
/*
*  c a l c u l a t e  v a l u e s  w e  o n l y  n e e d  o n  t h e  o u t t e r  l o o p
*  t h i s  i s  o u r  f i r s t  a d d e n d
*  T h e  S B D  o f  t h e  r e f e r e n c e  t o  i  
*/
i i  =  s e g u e n c e t o i n d e x (  i  ) ;
/ *  T h e  a c t u a l  v a l u e  o f  t h a t  r e f e r e n c e  * /  
v i  =  s e q u e n c e v a l u e (  i  ) ;
/ *  B r e a k  u p  t h e  v a l u e  i n t o  t h e  h i g h  a n d  l o w  c o m p o n e n t s  * /  
m o d 2 (  i ,  c o u n t ,  & k ,  & 1  ) ;
/*
*  S e t  b o u n d  t o  T R U E  i f  t h e  s e c o n d b a s e  i n d e x  i s  o u t s i d e  t h e  e x t e r n a l
*  b i t  r a n g e  
*/
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  | |  s e q [ k ] . e n  >  l i m h i g h 2  ) ;
/ *  T h e  i n n e r  l o o p  * /  
f o r (  j  =  0 ;  j  <  j m a x ;  j + +  )
{
/ *  o u r  r e f e r e n c e  t o  t h e  o t h e r  a d d e n d  * /  
k  =  i  +  j  ;
/ *  b r e a k  i t  u p  i n t o  a  h i g h  a n d  l o w  c o m p o n e n t  * /  
m o d 2  (  k ,  c o u n t ,  & 1 ,  & s c a n l  )  ;
/*
*  I f  t h i s  a d d e n d s  s e c o n d b a s e  i n d e x  i s  a l s o  o u t s i d e  t h e  e x t e r n a l
*  b i t  r a n g e ,  s k i p  i t
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*/
i f  (  b o u n d s  & &  ( s e q [ l ]  .  e n  <  l i m l o w 2  |  | s e q [ X ]  . e n  >  l i m h i g h . 2 )  )
{
c o n t i n u e ;
}
/ *  G e t  t h e  S B D  v a l u e  o f  t h i s  a d d e n d  * /  
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;
/ *  F i n d  t h e  d i f f e r e n c e ,  t h i s  i s  o u r  t a b l e  i n d e x  * /  
i n d  =  i i p j  -  i i ;
/ *  i f  o u t  d i f f e r e n c e  i s  b e y o n d  t h e  t a b l e  l i m i t ,  s k i p  i t  * /  
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
/ *  S e t  t h e  a d j u s t m e n t  t o  z e r o  * /  
t t a b l e [ i n d ] . a d j  =  0 ;
/ *  F i n d  o u t  t h e  a c t u a l  s u m  o f  t h e  t w o  a d d e n d s  * /  
e x p e c t  =  s e q u e n c e v a l u e ( k  )  +  v i  ;
/ *  F i n d  t h e  b e s t  a p p r o x i m a t i o n  t o  i t  i n  s e q u e n c e  f o r m  * /
s q  =  f i n d s e q u e n c e (  e x p e c t ,  & e r  ) ;
/ *  G e t  t h a t  v a l u e  * /  
v s q  =  s e q u e n c e v a l u e (  s q  )  ;
/*
*  T h e r e  i s  a  g o o d  c h a n c e  t h a t  t h e  s u m  o f  t h e  t w o  a d d e n d s  l i e s
*  e x a c t l y  i n b e t w e e n  t w o  M D L N S  v a l u e s .  I n  t h i s  c a s e  w e  h a v e  t o
*  a l l o w  o n e  o r  t h e  o t h e r  t o  b e  t h e  s o l u t i o n .
*  I n d i c a t e  t h e  d i r e c t i o n  o f  t h e  e x t r a  a l l o w a n c e  
*/
h a l f i  =  - 1 ;
/*
*  F i n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  M D L N S  v a l u e s ,  a b o v e  a n d
*  b e l o w  
*/
h a l f d  =  (  s e q u e n c e v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;  
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e (  s q  +  1  )  )  /  2 . 0 ;
/*
*  F i n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  m i d d l e  v a l u e s  a n d  t h e  a c t u a l
*  s u m  
*/
h a l f  =  f a b s ( ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
/*
*  I f  t h e  l o w e r  i s  c l o s e r  t h a n  t h e  h i g h e r ,  c h a n g e  t h e  d i r e c t i o n
*  a n d  t h e  d i f f e r e n c e .  W e  w i l l  u s e  t h e  l o w  a s  t h e  r e f e r n c e  f r o m
*  n o w  o n  
*/
i f  (  h a l f  >  h a l f 2  )
{
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h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
/ *  s e t  o u r  a l l o w a n c e  t o  o n l y  1  v a l u e  r i g h t  n o w  * /  
s q l  =  s q h  =  s q ;
/*
*  i f  t h e  d i f f e r e n c e  b e t w e e n  t h e  a c t u a l  s u m  i s  s m a l l ,  t h e n  w e  a r e
*  i n  t h e  t w o  v a l u e  s i t u a t i o n  
* /
i f (  h a l f  <  l e - 8  )
{
/ *  c h e c k  t h e  d i r e c t i o n  a n d  s e t  t h e  a l l o w a n c e  * /  
i f (  h a l f i  <  0  )
{
s q l - - ;
}
e l s e
{




*  C h e c k  o u t  l o w  s o l u t i o n  a n d  s e e  h o w  m a n y  S B D  e n t r i e s  w e  h a v e  t o
*  p l a y  w i t h
*  b r e a k  i t  u p  i n t o  h i g h  a n d  l o w  c o m p o n e n t s  
*/
m o d 2 (  s q l ,  c o u n t ,  & 1 ,  & s c a n l  )  ;
/*
*  r e s e t  t h e  v a l u e  t o  t h e  l o w e s t  S B D  w h i c h  w i l l  o f f e r  t h e  s a m e
*  s o l u t i o n  
*/
s q l  =  s c a n l  *  t o t a l  +  s e q [ l ] . i s  -  i i p j ;
/ *  d o  t h e  s a m e  f o r  t h e  h i g h e r  p o s s i b i l i t y  * /
m o d 2 ( s q h ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
s q h  =  s c a n l  *  t o t a l  +  s e q [ l ] . i e  -  i i p j ;
/*
*  I f  o u r  v a l u e  i s  l a r g e r  t h a n  w h a t  i s  s t o r e d  i n  t h e  t a b l e ,
*  r e p l a c e  t h e  t a b l e  
*/
i f (  s q l  >  t t a b l e [ i n d ] . l o w  )
{
t t a b l e [ i n d ] . l o w  =  s q l ;
}
/ *  D o  t h e  s a m e  w i t h  t h e  h i g e r  p o s s i b i l i t y  * /  
i f (  s q h  <  t t a b l e  [ i n d ]  . h i g h  )
{
t t a b l e [ i n d ] . h i g h  =  s q h ;
}
/ *  I f  t h e  l o w e r  v a l u e  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  * /  
i f  (  t t a b l e [ i n d ]  . l o w  <  0  )
{
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t t a b l e [ i n d ] . l o w  =  0 ;
}
/ *
*  T h i s  i s  w h e r e  w e  k n o w  i f  t h e  t a b l e  i s  b a d  o r  n o t
*  I f  o u r  l o w  v a l u e  i s  l a r g e r  t h e n  o u r  h i g h ,  t h e  t a b l e  i s  b a d  
*/
i f ( t t a b l e [ i n d ] . l o w  >  t t a b l e [ i n d ] . h i g h  )
{
/ *  d e l e t e  t h e  t a b l e  a n d  l e a v e  * /  
d e l e t e  t t a b l e ;
p r i n t f ]  " \ t O v e r l a p p i n g  b o u n d a r i e s . \ n "  ) ;  




/ *  A l l  a r e  l o o p s  a r e  d o n e  w i t h  o u t  a n y  t a b l e  p r o b l e m s ,  w e  a r e  g o o d !  * /  
p r i n t f  (  " \ t C o m p l e t e . \ n "  ) ;
/*
*  R e a d j u s t  o u r  t a b l e  v a l u e s  s o  t h a t  t h e y  a r e  i n  t h e  f o r m  o f  t h e
*  o r i g i n a l  a d d i t i o n  p r o c e s s o r  
*/
f o r (  j  =  0 ;  j  <  l i m i t ;  j + +  )
{
/ *  S k i p  e n p t y  v a l u e s  * /  
i f (  t t a b l e [ j ] . a d j  = =  e m p t y  )
{
c o n t i n u e ;
}
/ *  S e t  t h e  a d j u s t  m e m b e r  t o  t h e  l o w  v a l u e  * /  
t t a b l e [ j ]  . a d j  =  t t a b l e  [ j ]  . l o w ;
/ *  S e t  t h e  h i g h  v a l u e  t o  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  * /  
t t a b l e  [ j ]  . h i g h  =  t t a b l e  [ j ]  . h i g h  -  t t a b l e  [ j ]  .  l o w ;
/ *  S e t  t h e  l o w  t o  z e r o  * /  
t t a b l e  [  j ]  . l o w  =  0 ;
}
# e l s e
/* */
/*
*  T h i s  i s  t h e  S L O W  m e t h o d .  A  l i t t l e  m o r e  c o n f u s i n g ,  b u t  i t  w o r k s .
*  R e - a n a l y i n g  t h i s  p r o c e s s  a l l o w e d  u s  t o  i m p o v e  i t  t o  t h e  f a s t
* m e t h o d .  Y o u  c a n ' t  k n o c k  i t !
*/
i n t a d j u s t  ;
i n t f i x ;
i n t a d j u s t i ;
i n t s c a n 2 ;
i n t s c a n 3 ;
d o u b l e a d d ;
/ * ------------------- --------------------------- * /
Software Addition/Subtraction/Reduction Table Generator
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
338
University o f  W indsor
/ *  P a s s  1  ( s l o w e r )  * /
p r i n t f (  " #  P a s s  % d  ( C o m p u t i n g ) : " ,  p a s s + +  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
/ *  S a m e  l o o p i n g  s t r u c t u r e  * /
f o r t  i  =  0 ;  i  <  c o u n t ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  )  ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
■ }
/ *  S a m e  s t u f f  a s  a b o v e ,  b u t  w a i t !  i t  g e t s  b e t t e r  * /  
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  )  ;
m o d 2  (  i ,  c o u n t ,  & k ,  & 1  ) ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  | |  s e q [ k ] . e n  >  l i m h i g h 2  ) ;
f o r t  j  = 0 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
m o d 2 (  k ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
i f (  b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  | |  s e q [ l ] . e n  >  l i m h i g h 2 )  )
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;  
i n d  =  i i p j  -  i i ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  s e q u e n c e v a l u e (  k  )  +  v i ;
/*
*  w e  l o a d  i n  s o m e  t a b l e  v a l u e s  i n t o  l o c a l  v a r i a b l e  t o  i m p r o v e
*  p r o c e s s i n g  s p e e d  
*/
a d j u s t  =  t t a b l e  ( i n d ]  . a d j ;  
f i x  =  t t a b l e [ i n d ] . f i x ;
/ *  I f  t h e  t a b l e  i s  e m p t y ,  s e t  i t  t o  a  g u e s s  o f  w h a t  i t  s h o u l d  b e  * /  
i f (  a d j u s t  = =  e m p t y  )
{
/ *  F i n d  t h e  t r u e  n u m b e r i c a l  s o l u t i o n  -  t h i s  o n l y  w o r k s  i n  b a s e  2  * /  
a d d  =  l o g (  e x p e c t  )  *  l o g 2 m a p  -  i i p j ;
/ *  S e t  i t  t o  t h e  c l o s e s  i n t e g e r  * /  
a d j u s t  =  (  i n t  )  f l o o r (  a d d  +  0 . 5  ) ;
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/ *  S e t  t h e  t a b l e  v a l u e  t o  t h i s  * /  
t t a b l e [ i n d ] . a d j  =  a d j u s t ;
}
/ *  F i n d  t h e  b e s t  s o l u t i o n  * /  
s q  =  f i n d s e q u e n c e ( e x p e c t ,  & e r  ) ;
/ *  F i n d  t h e  S B D  v a l u e  b a s e d  o n  o u r  e a r l i e r  a p p r o x i m a t i o n  * /  
a d j u s t i  =  a d j u s t  +  i i p j  ;
/ *  F i n d  t h e  s e q u e n c e  d i f f e r e n c e  f o r  t h e  t w o  s o l u t i o n  p r o b l e m  * /  
o f f s e t  =  i n d e x t o s e q u e n c e (  a d j u s t i  +  f i x  )  -  s q ;
/ *  F i n d  t h e  v a l u e  o f  t h e  b e s t  M D L N S  a p p r o x i m a t i o n  * /  
v s q  =  s e q u e n c e v a l u e (  s q  ) ;
/ *  S a m e  a s  a b o v e  t o  c o m p e n s a t e  f o r  t h e  t w o  s o l u t i o n  p r o b l e m  * /  
h a l f i  =  - 1 ;
h a l f d  =  (  s e q u e n c e v a l u e (  s q  -  1  ) +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e (  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  )  ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
/ *  I f  o f f s e t  i s  n o t  z e r o ,  t h e  i s  a n  i n c o n s i s t a n c y  * /  
i f (  o f f s e t  )
{
/ *
*  T h e  i n c o n s i s t a n c y  c a n  b e  f r o m  t h e  t w o  s o l u t i o n  p r o b l e m  o r
*  j u s t  a  b a d  t a b l e  
* /
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
/ *  i t  i s n ' t  t h e  t w o  s o l u t i o n  p r o b l e m  * /  
i f (  f i x  ! =  0  )
{
/ *  T r y  t o  f i x  i t  * /  
p r i n t f (  " + "  ) ;  
f f l u s h (  s t d o u t  ) ;
/ *
* I f  t h e  o f f s e t  i s  t h e  s a m e  d i r e c t i o n  a s  a  p r e v i o u s
*  c o r r e c t i o n ,  t h e  t a b l e  i s  b a d  
* /
i f (  o f f s e t  = =  s i g n (  f i x  )  )
{
/ *  L e a v e  * /
p r i n t f (  " \ t A d j u s t m e n t  t r e n d  c h a n g e d . \ n "  ) ;  
d e l e t e  t t a b l e ;
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r e t u r n  0 ;
}
}
/ *  T r y  t o  f i x  t h e  t a b l e  * /  
w h i l e (  o f f s e t  )
{
/ *  a p p l y  t h e  f i x i n g  f a c t o r  * /  
i f  (  o f f s e t  <  0  )
{
f i x + + ;
}
e l s e
{
f  i x - - ;
}
/ *  r e c a l c u l a t e  t h e  o f f s e t  a n d  l o o p  a g a i n  * /  
o f f s e t  =  i n d e x t o s e q u e n c e (  a d j u s t i  +  f i x  )  -  s q ;
}
/ *  s e t  t h e  v a l u e  i n  t h e  t a b l e  * /  





/ *  I f  w e  g e t  t h i s  f a r ,  t h e  t a b l e  i s  c o m p l e t e  w i t h  n o  b i g  p r o b l e m s  * /  
p r i n t f (  " \ t C o m p l e t e . \ n "  ) ;
/ *
*  W e  s t i l l  n e e d  t o  c h e c k  i t  o v e r  t o  m a k e  s u r e  a l l  o f  o u r  l i t t l e  f i x e s
*  w i l l  w o r k  t h r o u g h  a n o t h e r  p a s s
*  P a s s  2  ( s l o w e r )
* /
p r i n t f ( " #  P a s s  % d  ( A d j u s t i n g ) :  " ,  p a s s + +  ) ;  
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
/ *  D o  i t  a l l  o v e r  a g a i n  * /
f o r (  i  =  0 ;  i  <  c o u n t ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  ) ;
m o d 2  (  i ,  c o u n t ,  & k ,  & 1  ) ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  ] | s e q [ k ] . e n  >  l i m h i g h 2  ) ;
f o r (  j  = 0 ;  j  <  j m a x ;  j + +  )
{
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k  =  i  +  j  ;
m o d 2  (  k ,  c o u n t ,  & 1 ,  k s c a n l  ) ;
i f (  b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  | |  s e q [ l ] . e n  >  l i m h i g h 2 )  )
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;  
i n d  =  i i p j  -  i i ;
i f  (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  s e q u e n c e v a l u e (  k  )  +  v i ;  
s q  =  f i n d s e q u e n c e (  e x p e c t ,  & e r  ) ;
a d j u s t i  =  t t a b l e [ i n d ] . a d j  +  t t a b l e [ i n d ] . f i x  +  i i p j ;  
o f f s e t  =  i n d e x t o s e q u e n c e (  a d j u s t i  )  -  s q ;  
v s q  =  s e q u e n c e v a l u e ( s q  ) ;  
h a l f i  =  - 1 ;
h a l f d  =  (  s e q u e n c e v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e (  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
i f  (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
/ *  E v e r y t h i n g  i s  t h e  s a m e  u p  t o  h e r e  * /  
s q h  =  s q ;  
s q l  =  s q ;
/*
*  W e  c h e c k  f o r  t h e  i n c o n s i s t a n c i e s  a g a i n ,  t h i s  t i m e  i t  i s  b a d  i f
*  w e  h a v e  o n e  
*/
i f  (  o f f s e t  )
{
/ *  I s  i t  t h e  t w o  s o l u t i o n  p r o b l e m  o r  j u s t  a  b a d  t a b l e ?  * /  
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
/ *  O h  w e l l  -  l e a v e  * /
p r i n t f ( " \ t C o r r e c t i o n  f a i l e d  o n  p a s s  % d . \ n " ,  p a s s  -  1  ) ;  
d e l e t e  t t a b l e ;
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r e t u r n  0 ;
}
e l s e
{
/ *  S e t  u p  o u r  a l l o w a n c e  * /  
i f (  h a l f i  <  0  )
{
s q l - - ;
}
e l s e
{





*  C h e c k  t h e  m a x i m u m  S B D  a l l o w a n c e  a b o v e  a n d  b e l o w  o u r  s o l u t i o n s
*  s a m e  a s  i n  t h e  F A S T  r o u t i n e  
*/
m o d 2 (  s q l ,  c o u n t ,  & k ,  & 1  ) ;
s c a n 2  =  (  s e q [ k ] . i s  +  1  *  t o t a l  )  -  a d j u s t i ;
m o d 2 (  s q h ,  c o u n t ,  & k ,  & 1  ) ;
s c a n 3  =  (  s e q [ k ] . i e  +  1  *  t o t a l  )  -  a d j u s t i ;
/*
*  S e t  o u r  l o w  a n d  h i g h  v a l u e s .  T h e s e  a r e  r e l a t i v e  t o  o u r  a d j u s t  &
*  f i x  m e m b e r s  
*/
i f (  t t a b l e  [ i n d ]  . l o w  <  s c a n 2  )
{
t t a b l e [ i n d ] . l o w  =  s c a n 2 ;
}
i f (  t t a b l e [ i n d ] . h i g h  >  s c a n 3  )
{




/ *  T a b l e  i s  g o o d  * /  
p r i n t f ]  " \ t C o m p l e t e . \ n "  ) ;
# e n d i f
/ *  P e r f o r m  t h e  r e d u c t i o n  * /
a d d s i z e  =  a d d s u b r e d u c e (  t t a b l e ,  l i m i t ,  & l a s t  ) ;
/*
*  A t  t h i s  p o i n t  w e  v e r i f y  o u r  t a b l e  i f  w e  w a n t .  F o r  l a r g e  R ' s  t h i s
*  c a n  t a k e  s o m e  t i m e .  I ' v e  n e v e r  s e e n  t h i s  p r o c e s s  f a i l .  I t  w a s  l e f t
*  i n  f r o m  t h e  o r i g i n a l  d e v e l o p m e n t  d a y s  
*/
i f  (  I n o v e r i f y  )
{
/ *  P a s s  2  ( f a s t e r ) ,  3  ( s l o w e r )  * /
p r i n t f (  "#  P a s s  % d  ( V e r i f y i n g ) : " ,  p a s s + +  ) ;
f f l u s h (  s t d o u t  ) ;
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p r o g r e s s  =  0 ;
/ *  S a m e  s t u f f  * /
f o r (  i  =  0 ;  i  <  c o u n t ;  i + + ,  p r o g r e s s + +  )
{
i f  ( p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  ) ;
m o d 2 (  i ,  c o u n t ,  & k ,  & 1  ) ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  | |  s e q [ k ] . e n  >  l i m h i g h 2  ) ;
f o r (  j  = 0 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
m o d 2 (  k ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
i f ( b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  | |  s e q [ l ] . e n  >  l i m h i g h 2 )  )  
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;  
i n d  =  i i p j  -  i i ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  s e q u e n c e v a l u e (  k  )  +  v i ;  
s q  =  f i n d s e q u e n c e (  e x p e c t ,  t e r  ) ;
o f f s e t  =  i n d e x t o s e q u e n c e ( t t a b l e [ i n d ] . a d j  +  i i p j  )  -  s q ;  
v s q  =  s e q u e n c e v a l u e (  s q  ) ;
h a l f d  =  (  s e q u e n c e v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e (  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
h a l f i  =  - 1 ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
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/ *  C h e c k  f o r  t h e  t w o  s o l u t i o n  p r o b l e m  * /  
i f f  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
p r i n t f (  " \ t V e r i f i c a t i o n  p r o b l e m . \ n "  ) ;  
d e l e t e  t t a b l e ;  
r e t u r n  0 ;
}
}
/ *  T h i s  s o l u t i o n  i s  g o o d  * /
}
}
/ *  I t  w o r k e d ,  s u r p r i s e !  * /  
p r i n t f (  " \ t C o m p l e t e . \ n "  ) ;
}
/ *  C o n v e r t  t h e  t a b l e  i n t o  a  f o r m  t o  o u t p u t  e a s i l y  -  a n d  s a m e  m e m o r y  * /  
a d d l u t  =  a d d s u b r a l u t (  t t a b l e ,  l i m i t ,  a d d s i z e  ) ;
/ *  r e m o v e  t h e  w o r k i n g  t a b l e  * /  
d e l e t e  t t a b l e ;
/*
*  G e t  r e a d y  t o  o u t p u t  t h e  t a b l e  i n f o r m a t i o n
*  H o w  m a n y  b i t s  d o  w e  n e e d  t o  r e p r e s e n t  t h e  h i g h e s t  h i g h  c o m p o n e n t
*  i n d e x
*/ .
i  =  (  i n t  )  f l o o r (  l o g (  m o d u (  a d d l u t [ a d d s i z e  -  1 ] . i n ,  t o t a l  )  )  /  l o g 2  )  
/*
*  S e e  i f  i s  t h e  s a m e  a s  t h e  s u b t r a c t i o n  t a b l e  ( i f  i t  w a s  c a l c u l a t e d
*  b e f o r e  t h i s  o n e )
*/
i f (  v _ s b d h i g h b i t s l i m i t  & &  v _ s b d h i g h b i t s l i m i t  ! =  i  )
{
/ *  W e  s t o p  h e r e  s i n c e  t h i s  i s  s o m e t h i n g  t h a t  h a s  t o  b e  l o o k e d  i n t o  * /  
d e l e t e  a d d l u t ;
p r i n t f (  "#  s b d h i g h b i t s l i m i t  n o t  t h e  s a m e . \ n "  ) ;  
r e t u r n  0 ;
}
/ *  S e t  i t  * /  
v _ s b d h i g h b i t s l i m i t  =  i ;
/ *  F i n d  t h e  l o w  b i t s  * /
v _ s b d l o w b i t s  =  (  i n t  )  f l o o r (  l o g (  t o t a l  )  /  l o g 2  )  +  1 ;
/ *  S e t  t h e  t o t a l  * /  
v _ t o t a l  =  t o t a l ;
/*
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*  V e r i l o g  d o e s n ' t  n e e d  t h i s ,  b u t  w e  w i l l  p r i n t  i t  o u t  a n y w a y s  s o  w e
* c a n  s e e  h o w  b i t  t h e  t a b l e  a c t u a l l y  i s  
*/
v _ a d d t a b l e s i z e  =  a d d s i z e ;
/*------------------------------------------------ */
/ *  s e t u p  t h e  o u t p u t  f i l e n a m e  * /  
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . a d d "  ) ;
/* ------------------------------------------------ */
/*
*  r e m o v e  a n y  o l d  f i l e s  -  w e  c o u l d  a s s u m e  t h a t  t h e  B o u r n e  s h e l l ' s
*  " n o c l o b b e r "  i s  n o t  s e t ,  b u t  w e ' l l  b e  c a r e f u l  
*/
p r i n t f (  " #  r e m o v e  a d d  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
/ *  P r i n t  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f (  " #  m a k e  a d d  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D A D D  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ s b d h i g h b i t s l i m i t ,  
v _ s b d l o w b i t s ,
1,
v _ s b d l o w b i t s ,
f n a m e
) ;
/ *  p r i n t  o u t  a l l  t h e  t a b l e  e n t r i e s  * /  
f o r (  j  = 0 ;  j  <  a d d s i z e ;  j + +  )
{
/ *  p r i n t f (  " % d \ t % d \ t "  ,  a d d l u t  [  j  ]  . i n  ,  a d d l u t [  j  ]  . o u t  )  ;  * /  
p r i n t f  
(
" % d  % d \ t % d  % d \ n " ,  
m o d u (  a d d l u t [ j ] . i n ,  t o t a l  ) ,  
m o d (  a d d l u t  [ j ] . i n ,  t o t a l  ) ,  
m o d u (  a d d l u t [ j ] . o u t ,  t o t a l  ) ,  
m o d (  a d d l u t [ j ] . o u t ,  t o t a l  )
) ;
}
/ *  e n d i n g  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f  (  " E N D A D D \ n "  ) ;
/ *  d e l e t e  t h e  f i l e n a m e  * /  
d e l e t e  f n a m e ;
/ *  r e t u r n  t h e  t a b l e  s i z e  * /  
r e t u r n  a d d s i z e ;
}
T h i s  c o d e  g e n e r a t e  t h e  s u b t r a c t i o n  t a b l e s  j u s t  a s  t h e  a d d i t i o n  t a b l e s
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a b o v e .  I t  h a s  b o t h  F A S T  a n d  S L O W  m e t h o d s .  T h e  a r e  v e r y  s i m i l a r  t o  t h o s e  
a b o v e .  O n l y  t h e  d i f f e r e n c e s  w i l l  b e  n o t e d .
*/
i n t  m a p  : :  s u b t a b l e _ s e q u e n c e (  v o i d  ) 
{
/ * ------------------- -------------------------------------------- * /
i n t i  ;
i n t j  ;
i n t k ;
i n t 1 ;
i n t j  m a x ;
d o u b l e s e g m e n t s ;
i n t i n d ;
i n t s q ;
i n t o f f s e t ;
i n t l i m i t ;
i n t l a s t ;
d o u b l e e x p e c t ;
d o u b l e e r  ;
i n t s c a n l ;
d o u b l e h a l f  ;
d o u b l e h a l f 2 ;
d o u b l e h a l f d ;
d o u b l e h a l f d 2 ;
i n t h a l f i ;
i n t s q h ;
i n t s q l ;
i n t i  i  ;
i n t i i p j  ;
d o u b l e v i  ;
d o u b l e v s q ;
d o u b l e l o g 2 m a p ;
i n t p r o g r e s s ;
i n t p r o g r e s s l i m ;
i n t b o u n d s ;
i n t p a s s  =  1 ;
i n t i s t a r t ;
i n t i e n d ;
a s t a b * t t a b l e ;
/ * ------------------- -------------------------------------------- * /
s e g m e n t s  =  l o g (  2 . 0  /  ( i n c [ 0 ] . v  -  1 . 0 )  ) /  l o g 2  *  1 . 2 5 ;  / *  +  0 . 1  * /
/*
*  W e  d o  n o t  s t a r t  s u b t r a c t i o n  w i t h  v a l u e s  a t  1  a n d  a b o v e  a s  w e  h a v e
*  t o  d e a l  w i t h  s i g n  c h a n g e s  s i n c e  t h e  s o l u t i o n s  c a n  b e  b e l o w  1 .
*  I n s t e a d ,  w e  s t a r t  c o n s i d e r a b l y  h i g h e r  t o  a v o i d  t h i s .
*/
i  =  ( i n t  ) c e i l ( l o g ( 1 . 0  /  ( i n c [ 0 ] . v  -  1 . 0 )  ) /  l o g 2  +  0 . 1  ) ;
/ *  T h e  s t a r t i n g  a n d  s t o p p i n g  I ' s  * /  
i s t a r t  =  c o u n t  *  i ;  
i e n d  =  i s t a r t  +  c o u n t ;
l i m i t  =  l a s t  =  (  i n t  )  (  s e g m e n t s  *  (  d o u b l e  )  t o t a l  ) ;
a d d s u b _ c l e a n ( ) ;
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t t a b l e  =  n e w  a s t a b [ l i m i t ] ;
p r o g r e s s l i m  =  (  i n t  )  (  (  d o u b l e  )  c o u n t  /  s e g m e n t s  ) ;
f o r (  j  =  0 ;  j  <  l i m i t ;  j + +  )
{
t t a b l e  [ j ]  . a d j  =  e m p t y ;  
t t a b l e [ j ] . l o w  =  - b i g n u m ;  
t t a b l e  [ j ]  . h i g h  =  b i g n u m ;  
t t a b l e  [ j ]  . f i x  =  0 ;
}
p r i n t f  ( " #  S e g m e n t s = % l f ,  i = % d \ n " ,  s e g m e n t s ,  i  ) ;
j m a x  =  (  i n t  )  c e i l  (  (  d o u b l e  )  c o u n t  *  s e g m e n t s  ) ;  
l o g 2 m a p  =  t o t a l  /  l o g  (  2  )  ;
# i f d e f  f a s t a d d s u b m o d e  
/ *  P a s s  1  ( f a s t e r )  * /
p r i n t f (  " #  P a s s  % d  ( C o m p u t i n g ) :  " ,  p a s s + +  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
/ *  s t a r t  a t  i s t a r t  a n d  e n d  a t  i e n d  * /
f o r (  i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + +  )
{
i f ( p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  )  ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  ) ;
m o d 2 ( i ,  c o u n t ,  & k ,  & 1  ) ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  | |  s e q [ k ] . e n  >  l i m h i g h 2  ) ;
f o r (  j  =  1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
m o d 2 (  k ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
i f (  b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  | |  s e q [ l ] . e n  >  l i m h i g h 2 )  )  
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;  
i n d  =  i i p j  -  i i ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
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t t a b l e [ i n d ] . a d j  =  0 ;
/ *  o u r  r e a l  d i f f e r e n c e  * /  
e x p e c t  =  s e q u e n c e v a l u e (  k  )  -  v i ;
s q  =  f i n d s e q u e n c e (  e x p e c t ,  & e r  )  ;
v s q  =  s e q u e n c e v a l u e (  s q  ) ;
h a l f i  =  - 1 ;
h a l f d  =  (  s e q u e n c e v a l u e ( s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e ( s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
s q l  =  s q h  =  s q ;
i f (  h a l f  <  l e - 8  )
{
i f (  h a l f i  <  0  )
{
s q l - - ;
}
e l s e
{
s q h + + ;
}
}
/ *  T h i s  i s  w h e r e  o n e  o f  t h e  m a j o r  d i f f e r e n c e s  a r e  * /
m o d 2 ( s q l ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
s q l  =  i i p j  -  (  s c a n l  *  t o t a l  +  s e q [ l ]  . i s  ) ;
m o d 2 (  s q h ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
s q h  =  i i p j  -  (  s c a n l  *  t o t a l  +  s e q [ l ] . i e  ) ;
/ *  T h e  h i g h  v a l u e s  a r e  s t o r e d  i n  t h e  l o w  a n d  v i s v e r s a  * /
i f (  s q h  >  t t a b l e [ i n d ] . l o w  )
{
t t a b l e [ i n d ] . l o w  =  s q h ;
i f (  s q l  <  t t a b l e [ i n d ] . h i g h  )  
t t a b l e [ i n d ] . h i g h  =  s q l ;
f  (  t t a b l e [ i n d ]  . l o w  <  0  )  
t t a b l e [ i n d ] . l o w  =  0 ;
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i f (  t t a b l e [ i n d ]  . l o w  >  t t a b l e  [ i n d ]  . h i g h  )
{
d e l e t e  t t a b l e ;
p r i n t f (  " \ t O v e r l a p p i n g  b o u n d a r i e s . \ n "  ) ;  
f f l u s h (  s t d o u t  ) ;
r e t u r n  0 ;
}
p r i n t f (  " \ t C o m p l e t e . \ n "  ) ;
f o r (  j  = 1 ;  j  <  l i m i t ;  j + +  )
{
i f (  t t a b l e [ j ] . a d j  = =  e m p t y  )
{
c o n t i n u e ;
}
t t a b l e [ j ] . a d j  =  t t a b l e [ j ] . l o w ;
t t a b l e f j ] . h i g h  =  t t a b l e f j ] . h i g h  -  t t a b l e [ j ] . l o w ;  
t t a b l e [ j ] . l o w  =  0 ;
}
# e l s e  
/ * ------- -----------* /
i n t a d j u s t ;
i n t f i x ;
i n t a d j u s t i ;
i n t s c a n 2 ;
i n t s c a n 3 ;
d o u b l e a d d ;
/ * ------- -----------* /
/ *  P a s s  1  ( s l o w e r )  * /
p r i n t f (  "#  P a s s  % d  ( C o m p u t i n g ) :  " ,  p a s s + +  ) ;  
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
/ *  A g a i n ,  l o o p i n g  l i m i t s  a r e  c h a n g e d  * /  
f o r ( i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  ) ;
m o d 2 (  i ,  c o u n t ,  & k ,  & 1  ) ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  | |  s e q [ k ] . e n  >  l i m h i g h 2  ) ;
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/ *  j  s t a r t s  a t  1  * /
f o r (  j  = 1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
m o d 2 (  k ,  c o u n t ,  & 1 ,  k s c a n l  ) ;
i f (  b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  | |  s e q [ l ] . e n  >  l i m h i g h 2 )  )
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x ( k  ) ;  
i n d  =  i i p j  -  i i ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
/ *  o u r  r e a l  d i f f e r e n c e  * /
e x p e c t  =  s e q u e n c e v a l u e (  j  +  i  )  -  v i ;
/*
*  T h i s  s h o u l d n ' t  h a p p e n  i f  t h e  s t a r t  a n d  s t o p  v a l u e s  w e r e  s e t
*  p r o p e r l y  -  I ' v e  n e v e r  s e e n  i t  h a p p e n ,  i t  i s  m o r e  o r  l e s s  a
*  s a n i t y  c h e c k  
* /
i f  (  e x p e c t  < 1 . 0  )
{
p r i n t f (  " \ t S o l u t i o n  l e s s  t h a n  1  -  t h i s  s h o u l d n ' t  h a p p e n . \ n "  ) ;  
d e l e t e  t t a b l e ;  
r e t u r n  0 ;
}
a d j u s t  =  t t a b l e  [ i n d ]  . a d j ;  
f i x  =  t t a b l e [ i n d ] . f i x ;
i f (  a d j u s t  = =  e m p t y  )
{
/ *  t h e  t r u e  m a t h e m a t i c a l  v a l u e  * /  
a d d  =  i i p j  -  l o g (  e x p e c t  )  *  l o g 2 m a p ;
a d j u s t  =  (  i n t  )  f l o o r (  a d d  +  0 . 5  ) ;  
t t a b l e [ i n d ] . a d j  =  a d j u s t ;
}
s q  =  f i n d s e q u e n c e (  e x p e c t ,  i e r  ) ;
/ *  o u r  a d j u s t  a n d  o f f s e t  a r e  d i f f e r e n t  * /  
a d j u s t i  =  i i p j  -  a d j u s t ;
o f f s e t  =  i n d e x t o s e q u e n c e (  a d j u s t i  -  f i x  )  -  s q ;  
v s q  =  s e q u e n c e v a l u e (  s q  ) ;  
h a l f i  =  - 1 ;
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h a l f d  =  ( s e q u e n c e v a l u e ( s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e (  s q  +  1  )  )  /  2 . 0
h a l f  =  f a b s  (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
i f  (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
i f  (  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  !
{
i f (  f i x  ! =  0  )
{
p r i n t f (  " + "  ) ;  
f f l u s h (  s t d o u t  ) ;
/ *  t h i s  s t a t m e n t  i s  a l s o  i n v e r t e d  * /  
i f (  o f f s e t  ! =  s i g n (  f i x  )  )
{
p r i n t f (  " \ t A d j u s t m e n t  t r e n d  c h a n g e d . \ n "  
d e l e t e  t t a b l e ;  
r e t u r n  0 ;
}
}
w h i l e (  o f f s e t  )
{
i f (  o f f s e t  >  0  )
{
f i x + + ;
}
e l s e
{
f i x - - ;
}
/ *  o f f s e t ,  a g a i n ,  d i f f e r e n t  * /
o f f s e t  =  i n d e x t o s e q u e n c e (  a d j u s t i  -  f i x  )
}





p r i n t f (  " \ t C o m p l e t e . \ n "  ) ;
/ *  P a s s  2  ( s l o w e r )  * /
p r i n t f (  " #  P a s s  % d  ( A d j u s t i n g ) : " ,  p a s s + +  ) ;  
f f l u s h (  s t d o u t  ) ;
=  h a l f i )  )
) ;
-  s q ;
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p r o g r e s s  =  0 ;
/ *  d i f f e r e n t  l i m i t s  * /
f o r  ( i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + n  
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  )  ;
m o d 2  (  i ,  c o u n t ,  & k ,  & 1  )  ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2
/ *  j  s t a r t s  a t  1  * /
f o r (  j  = 1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
m o d 2 (  k ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
s e q [ k ]  . e n  >  l i m h i g h 2  )  ;
s e q [ l ] . e n  >  l i m h i g h 2 )i f (  b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;  
i n d  =  i i p j  -  i i ;
i f  (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
/ *  o u r  r e a l  d i f f e r e n c e  * /  
e x p e c t  =  s e q u e n c e v a l u e (  k  )  -  v i  ;
s q  =  f i n d s e q u e n c e (  e x p e c t ,  & e r  ) ;
/ *  d i f f e r e n t  a d j u s t  a n d  o f f s e t  * /
a d j u s t i  =  i i p j  -  t t a b l e [ i n d ]  . a d j  -  t t a b l e  [ i n d ]  . f i x ;  
o f f s e t  =  i n d e x t o s e q u e n c e (  a d j u s t i  )  -  s q ;  
v s q  =  s e q u e n c e v a l u e ( s q  ) ; 
h a l f i  =  - 1 ;
h a l f d  =  (  s e q u e n c e v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  s e q u e n c e v a l u e ]  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;
h a l f 2  =  f a b s ( ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
Software Addition/Subtraction/Reduction Table Generator
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
353
University o f  W indsor
i f  (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
s q h  =  s q ;  
s q l  =  s q ;
i f (  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
p r i n t f (  " \ t C o r r e c t i o n  f a i l e d  o n  p a s s  % d . \ n " ,  p a s s  -  1  ) ;
d e l e t e  t t a b l e ;  
r e t u r n  0 ;
}
e l s e
{
i f (  h a l f i  <  0  )
{
s q l - - ;
}
e l s e
{




/ *  C o m p u t a t i o n s  o f  t h e  S B D  a l l o w a n c e s  i s  s l i g h t l y  d i f f e r n t  * /  
m o d 2 (  s q l ,  c o u n t ,  & k ,  & 1  ) ;
s c a n 3  =  a d j u s t i  -  (  s e q [ k ] . i s  +  1  *  t o t a l  ) ;
m o d 2 (  s q h ,  c o u n t ,  & k ,  & 1  )  ;
s c a n 2  =  a d j u s t i  -  (  s e q [ k ] . i e  +  1  *  t o t a l  ) ;
i f  (  t t a b l e [ i n d ]  . l o w  <  s c a n 2  )
{
t t a b l e [ i n d ] . l o w  =  s c a n 2 ;
}
i f (  t t a b l e [ i n d ] . h i g h  >  s c a n 3  )
{




p r i n t f (  " \ t C o m p l e t e . \ n "  ) ;
# e n d i f
s u b s i z e  =  a d d s u b r e d u c e (  t t a b l e ,  l i m i t ,  & l a s t  ) ;
i f (  I n o v e r i f y  )
{
/ *  P a s s  2  ( f a s t e r ) ,  3  ( s l o w e r )  * /
p r i n t f (  " #  P a s s  % d  ( V e r i f y i n g ) :  " ,  p a s s + +  ) ;
f f l u s h (  s t d o u t  ) ;
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p r o g r e s s  =  0 ;
f o r t  i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  )  ;
f f l u s h t  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i i  =  s e q u e n c e t o i n d e x (  i  ) ;  
v i  =  s e q u e n c e v a l u e (  i  ) ;
m o d 2 (  i ,  c o u n t ,  & k ,  & 1  ) ;
b o u n d s  =  (  s e q [ k ] . e n  <  l i m l o w 2  | |  s e q f k ] . e n  >  l i m h i g h 2  ) ;
/ *  j  s t a r t s  a t  1  * /
f o r t  j  = 1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
m o d 2 (  k ,  c o u n t ,  & 1 ,  & s c a n l  ) ;
i f (  b o u n d s  & &  ( s e q [ l ] . e n  <  l i m l o w 2  | |  s e q [ l ] . e n  >  l i m h i g h 2 )  )
{
c o n t i n u e ;
}
i i p j  =  s e q u e n c e t o i n d e x (  k  ) ;  
i n d  =  i i p j  -  i i ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
/ *  r e a l  d i f f e n c e  * /
e x p e c t  =  s e q u e n c e v a l u e (  k  )  -  v i ;
s q  =  f i n d s e q u e n c e (  e x p e c t ,  & e r  )  ;
/ *  y a d a ,  y a d a ,  y a d a  * /
o f f s e t  =  i n d e x t o s e q u e n c e (  i i p j  -  t t a b l e  [ i n d ]  . a d j  )  -  s q ;  
v s q  =  s e q u e n c e v a l u e (  s q  ) ;
h a l f d  =  ( s e q u e n c e v a l u e ]  s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  ( v s q  +  s e q u e n c e v a l u e ( s q  +  1  ) ) /  1 . 0 ;
h a l f  =  f a b s ( ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;
h a l f 2  =  f a b s t  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
h a l f i  =  - 1 ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;
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h a l f  =  h a l f 2 ;
}
i f (  o f f s e t  )
{
i f f  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
p r i n t f (  " \ t V e r i f i c a t i o n  p r o b l e m . \ n "  ) ;  
d e l e t e  t t a b l e ;  





p r i n t f (  " \ t C o m p l e t e . \ n "  )  ;
}
/ *  W e  c r e a t e  o n e  e n t r y  a t  0  f o r  o n e  v a l u e  s u b t r a c t i n g  i t s e l f  * /  
t t a b l e  [ 0 ]  . f i x  =  1 ;  
t t a b l e  [ 0 ]  . a d j  =  e m p t y ;
/ *  A d d  o n e  t o  t h e  t a b l e  c o u n t e r  * /  
s u b s i z e + + ;
/ *  m a k e  i t  i n t o  a  l i n e a r  t a b l e  * /
s u b l u t  =  a d d s u b r a l u t (  t t a b l e ,  l i m i t ,  s u b s i z e  ) ;
/ *  r e m o v e  t h e  w o r k i n g  t a b k e  * /  
d e l e t e  t t a b l e ;
/ *  C h e c k  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  l a r g e s t  t a b l e  i n d e x  * /  
i  =  (  i n t  )  f l o o r (  l o g (  m o d u (  s u b l u t [ 0 ] . o u t ,  t o t a l  )  )  /  l o g 2  ) +  1 ;
/ *  M a k e  s u r e  i t  i s  t h e  s a m e  a s  t h e  a d d i t i o n  t a b l e s  * /  
i f (  ! v _ s b d h i g h b i t s l i m i t  )
{
v _ s b d h i g h b i t s l i m i t  =  i ;
}
/ *  S e t  t h e  V e r i l o g  t a b l e  s i z e  * /  
v _ s u b t a b l e s i z e  =  s u b s i z e ;
/* ------------------------------------------------ */
/ *  G e n e r a t e  t h e  f i l e  n a m e  * /
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . s u b "  ) ;
/* ------------------------------------------------ */
/ *  d e l e t e  t h e  o l d  f i l e  f i r s t  * /  
p r i n t f (  " #  r e m o v e  s u b  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
/ *  m a k e  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f  (  "#  m a k e  s u b  t a b l e \ n "  ) ;
p r i n t f
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(
" % s  % d  % d  % d  % d  < <  E N D S U B  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ s b d h i g h b i t s l i m i t ,  
v _ s b d l o w b i t s ,  
v _ s b d h i g h b i t s l i m i t ,  
v _ s b d l o w b i t s ,  
f n a m e
) ;
/ *  p r i n t  t h e  t a b l e  * /
f o r (  j  = 0 ;  j  <  s u b s i z e ;  j + +  )
{
/ *  F o r  t h e  f i r s t  e n t r y ,  p r i n t  o u t  t h e  r e p r e s e n t a t i o n  f o r  0  * /  
i f (  s u b l u t [ j ] . o u t  = =  e m p t y  )
{
p r i n t f
(
" 0  0 \ t % d  % d \ n " ,
(  i n t  )  ( p o w (  2 ,  v _ s b d h i g h b i t s l i m i t  )  -  1 ) ,  
t o t a l
) ;
}
e l s e
{
/*
*  f o r  t h e  r e s t ,  j u s t  p r i n t  t h e m
*  p r i n t f (  " % d \ t % d \ t "  ,  s u b l u t [  j  ] . i n  ,  s u b l u t [  j  ] . o u t  ) ;  
*/
p r i n t f
(
" % d  % d \ t % d  % d \ n " ,  
m o d u ( s u b l u t [ j ] . i n ,  t o t a l  ) ,  
m o d ( s u b l u t [ j ] . i n ,  t o t a l  ) ,  
m o d u (  s u b l u t [ j ] . o u t ,  t o t a l  ) ,  




/ *  e n d  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f (  " E N D S U B \ n "  ) ;
/ *  d e l e t e  t h e  f i l e n a m e  * /  
d e l e t e  f n a m e ;
/ *  r e t u r n  t h e  t a b l e  s i z e  * /  
r e t u r n  s u b s i z e ;
}
/*
P r i n t  o u t  t h e  e x p o n e n t  t o  S B D  t a b l e .
*/
v o i d  m a p  : :  p r i n t e x p t o s b d (  v o i d  ) 
{
/*--*/  
i n t  i  ,*
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i n t  j  ;
/* — */
/ *  H o w  m a n y  b i t s  a r e  n e e d e d  f o r  t h e  m o s t  n e g a t i v e  f i r s t b a s e  i n d e x  * /
i  =  (  i n t  )  c e i l (  l o g (  m a x 2  )  /  l o g 2  ) ;
/ *  H o w  m a n y  b i t s  a r e  n e e d e d  f o r  t h e  m o s t  p o s i t i v e  f i r s t b a s e  i n d e x  * /
j  =  ( i n t  )  f l o o r ( l o g (  - m i n 2  )  /  l o g 2  )  +  1 ;
/ *  F i n d  t h e  l a r g e s t  * /  
j  =  m a x (  i ,  j  ) ;
/ *  F i n d  w h a t  v a l u e  t h a t  i s  * /  
i  =  (  i n t  )  p o w (  2 ,  j  ) ;
/*
*  I f  i n  o n e  b i t  s i g n  m o d e  a n d  t h a t  v a l u e  i s  t h e  m o s t  n e g a t i v e  i n d e x
*  ( i t  s h o u l d  b e  z e r o ) ,  i n c r e a s e  t h e  n u m b e r  o f  b i t s  
*/
i f  (  z e r o m o d e  )
{
i f  (  i  = =  m a x 2  )
{
j + + ;
}
}
/ *  S e t  t h e  v e r i l o g  p a r a m e t e r  * /  
v _ e x p f i r s t b a s e b i t s  =  j  +  1 ;
/* ------------------------------------------------ */
/ *  G e n e r a t e  t h e  f i l e n a m e  * /
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . e x p "  ) ;
/* ------------------------------------------------ */
/ *  r e m o v e  t h e  o l d  f i l e  * /
p r i n t f (  " #  r e m o v e  e x p t o s b d  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
/ *  s e t u p  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f (  " #  m a k e  e x p t o s b d  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  % d  < <  E N D E X P  | % s  >  % s \ n " ,
C O M M _ t o b i n a r y ,
- v _ s e c o n d b a s e b i t s ,
- v _ e x p f  i r s t b a s e b i t s ,  
v _ s b d l o w b i t s ,
C O M M _ s o r t ,  
f n a m e
) ;
/ *  f o r  o n e  b i t  s i g n  m o d e ,  p r i n t  o u t  t h e  " z e r o "  i n d e x  v a l u e  * /  
i f (  z e r o m o d e  )
{
p r i n t f (  " % d \ t % d  % d \ n " ,  l i m l o w 2  -  1 ,  (  i n t  )  ( - p o w (  2 ,  j  ) ) ,  0  ) ;
}
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/ *  P r i n t  t h e  e x p o n e n t  t o  S B D  t a b l e  * /  
f o r (  i  =  l i m l o w ;  i  < =  l i m h i g h ;  i + +  )
{
/ *  u s e  t h e  e x p o n e n t  t o  s b d  m a p  * /  
j  =  e 2 i _ i  [ i  +  a r r a y o f f ] ;
/ *  I f  i t  i s  o u t  o f  t h e  e x t e r n a l  b i t  r a n g e  s k i p  i t  * /  
i f (  s e q [ j ] . e n  <  l i m l o w 2  | |  s e q [ j ] . e n  >  l i m h i g h 2  )
{
c o n t i n u e ;
}
/ *  p r i n t  * /
p r i n t f (  " % d \ t % d  % d \ n " ,  i ,  - s e q [ j ] . e 2 ,  s e q [ j ] . r e v  ) ;
}
/ *  e n d  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f  (  " E N D E X P \ n "  ) ;
/ *  d e l e t e  t h e  f i l e  n a m e  * /  
d e l e t e  f n a m e ;
/ *  l e a v e  * /  
r e t u r n ;
}
T h i s  r o u t i n e  p r i n t s  t h e  S B D  t o  e x p o n e n t  t a b l e .
*/
v o i d  m a p  : :  p r i n t s b d r a l u t (  v o i d  )
{
/*  */
i n t  i  ;
i n t  j  ;
i n t  k  ;
d o u b l e  e ;
/*  */
/ *  H o w  m a n y  b i t s  f o r  t h e  m o s t  n e g a t i v e  f i r s t b a s e  i n d e x  * /  
i  =  (  i n t  )  c e i l  (  l o g (  - m i n 2  )  /  l o g 2  ) ;
/ *  H o w  m a n y  b i t s  f o r  t h e  m o s t  p o s i t i v e  f i r s t b a s e  i n d e x  * /  
j  =  (  i n t  )  f l o o r (  l o g ( m a x 2  )  /  l o g 2  )  +  1 ;
/ *  F i n d  t h e  l a r g e s t  * /
j  =  m a x (  i ,  j  ) ;
/ *  A d d  o n e  f o r  t h e  s i g n  b i t  * /  
v _ s b d f i r s t b a s e b i t s  =  j  +  1 ;
/* ------------------------------------------------ */
/ *  G e n e r a t e  t h e  f i l e  n a m e  * /
c h a r  * f n a m e  =  f i l e n a m e ( " b i n . s b d "  ) ;
/* ------------------------------------------------ */
/ *  R e m o v e  t h e  o l d  f i l e s  * /
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p r i n t f (  " #  r e m o v e  s b d t o e x p  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
/ *  S e t u p  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f (  " #  m a k e  s b d t o e x p  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  % d  < <  E N D S B D  >  % s \ n " ,
C O M M _ t o b i n a r y ,
v _ s b d l o w b i t s ,
- v _ s b d f  i r s t b a s e b i t s ,
- v _ s e c o n d b a s e b i t s ,  
f n a m e
) ;
/ *  P r i n t  o u t  i n  s e q u e n c e  o r d e r ,  f r o m  1  t o  2  * /  
j  =  0 ;  
e  =  1 . 0 ;  
i  =  0 ;
w h i l e ( i  < =  c o u n t  )
{
/ *  p r i n t  * /
p r i n t f (  " % d \ t % d  % d \ n " ,  j ,  s e q [ i ] . e 2 ,  s e q [ i ] . e n  ) ;
/*
*  l o o k  f o r  t h e  n e x t  v a l u e  w h e r e  t h e  i n d i c e s  a r e  i n  t h e  e x t e r n a l
*  r a n g e  
*/
k  =  i  +  1  ;
w h i l e (  k  <  c o u n t  & &  ( s e q [ k ] . e n  <  l i m l o w 2  | |  s e q [ k ] . e n  >  l i m h i g h 2 )  )  
{
k +  +  ;
}
/ *  l o o k  f o r  t h e  n e x t  v a l u e  w h i c h  m o v e s  t o  t h e  n e x t  i n d e x  * /  
w h i l e (  i  <  c o u n t  & &  f a b s (  e  -  s e q [ i ] . v  )  <  f a b s (  e  -  s e q [ k ] . v  )  )
{
j  ++:
e  =  p o w ( 2 ,  (  d o u b l e  )  j  /  t o t a l  ) ;
}
i  =  k ;
}
/ *  f o r  o n e  b i t  s i g n  m o d e ,  p r i n t  t h e  s p e c i a l  z e r o  c a s e  e x p o n e n t  * /  
i f (  z e r o m o d e  )
{
p r i n t f (  " % d \ t % d  % d \ n " ,  t o t a l ,  0 ,  l i m l o w 2  -  1  ) ;
}
/ *  E n d  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f (  " E N D S B D \ n "  ) ;
/ *  d e l e t e  t h e  f i l e n a m e  * /  
d e l e t e  f n a m e ;
/ *  l e a v e  * /
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r e t u r n ;
}
/*
T h i s  r o u t i n e  p r i n t s  o u t  t h e  v e r i l o g  p a r a m e t e r s  f o r  t h e  
a d d i t i o n / s u b t r a c t i o n  H D L  c o d e .
*/
v o i d  m a p  : :  p r i n t v e r i l o g a d d s u b p a r a m s (  v o i d  )
{
/*--------------------------------------------------------*/
/ *  G e n e r a t e  t h e  f i l e n a m e  * /
c h a r  * f n a m e  =  f i l e n a m e (  " p a r a m s a d d s u b "  ) ;
/* --------------------------------------------------------*/
/ *  r e m o v e  t h e  o l d  f i l e  f i r s t  * /  
p r i n t f (  " #  r e m o v e  p a r a m e t e r  f i l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
/ *  s e t u p  t h e  " c a t "  c o m m a n d  * /  
p r i n t f (  "#  m a k e  p a r a m e t e r  f i l e \ n "  ) ;
p r i n t f (  ” % s  < <  E N D A S P A R A M  >  % s \ n " ,  C O M M _ c a t ,  f n a m e  ) ;
p r i n t f (  " p a r a m e t e r  f i r s t b a s e b i t s  =  % d ; \ n " ,  v _ f i r s t b a s e b i t s  ) ;
p r i n t f (  " p a r a m e t e r  s e c o n d b a s e b i t s  =  % d ; \ n " ,  v _ s e c o n d b a s e b i t s  ) ;  
p r i n t f (  " p a r a m e t e r  t o t a l  =  % d ; \ n " ,  v _ t o t a l  ) ;
p r i n t f (  " p a r a m e t e r  s b d h i g h b i t s l i m i t  =  % d ; \ n " ,  v _ s b d h i g h b i t s l i m i t  ) ;
p r i n t f (  " p a r a m e t e r  s b d l o w b i t s  =  % d ; \ n " ,  v _ s b d l o w b i t s  ) ;  
p r i n t f (  " p a r a m e t e r  e x p f i r s t b a s e b i t s  =  % d ; \ n " ,  v _ e x p f i r s t b a s e b i t s  ) ;
p r i n t f  (  " p a r a m e t e r  s b d f i r s t b a s e b i t s  =  % d ; \ n " ,  v _ s b d f i r s t b a s e b i t s  ) ;
p r i n t f  (  " / /  p a r a m e t e r  a d d t a b l e s i z e  =  % d ; \ n " ,  v _ a d d t a b l e s i z e  ) ;
p r i n t f (  " / /  p a r a m e t e r  s u b t a b l e s i z e  =  % d ; \ n " ,  v _ s u b t a b l e s i z e  ) ;
p r i n t f (  " p a r a m e t e r  t w o b i t m o d e  =  % d ; \ n " ,  v _ t w o b i t m o d e  ) ;
/ *  e n d  t h e  c o m m a n d  * /  
p r i n t f (  " E N D A S P A R A M \ n "  ) ;
/ *  d e l e t e  t h e  f i l e n a m e  * /  
d e l e t e  f n a m e ;
/ *  l e a v e  * /  
r e t u r n ;
}
/*
T h i s  r o u t i n e  p r i n t s  o u t  t h e  S B D  t o  S A N E  S B D  t a b l e .  A l t h o u g h  n o t  
i m p l e m e n t e d  i n  a n y  o f  t h e  H D L  c o d e ,  t h i s  i s  f o r  u s e  w i t h  l o w  
a c c u m u l a t i o n  e r r o r  M D L N S  a d d e r s .
*/
v o i d  m a p  : :  p r i n t s b d t o s a n e s b d (  v o i d  )
{
/*  */
i n t  i ;
i n t  j ;
S o f t w a r e  A d d i t i o n / S u b t r a c t i o n / R e d u c t i o n  T a b l e  G e n e r a t o r  3 6 1
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i n t  k  ;
i n t  1  ;
d o u b l e  e ;
/ *  G e n e r a t e  t h e  f i l e n a m e  * /
c h a r  * f n a m e  =  f i l e n a m e ( " b i n . s a n e "  ) ;
/*  */
p r i n t f (  " #  r e m o v e  s b d t o s a n e s b d  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  " #  m a k e  s b d t o s a n e s b d  t a b l e \ n "  ) ;
1 = 1;
i f  (  z e r o m o d e  )
{
1 +  + ;
}
p r i n t f
(
" % s  % d  % d  % d  < <  E N D S A N E  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ s b d l o w b i t s ,
1,
v _ s b d l o w b i t s ,
f n a m e
) ;
j  =  0 ;
e  =  1 . 0 ;  
i  =  0 ;
w h i l e (  i  < =  c o u n t  )
{
/ *  I f  w e  a r e  o u t  o f  r a n g e  * /  
i f (  i  > =  c o u n t  | |  j  > =  t o t a l  )
{
/ *  B u t  s t i l l  w i t h i n ,  p r i n t  o u t  t h e  o v e r f l o w  c a s e  * ,  
i f  (  j  <  t o t a l  )
{
p r i n t f (  " % d \ t % d  % d \ n " ,  j ,  1 ,  0  ) ;
}
b r e a k ;
}
e l s e
{
/ *  f i n d  t h e  S B D  v a l u e  * /
1  =  i n d e x [ j ] ;
/ *  p r i n t  * /
p r i n t f (  " % d \ t % d  % d \ n " ,  j ,  0 ,  s e q [ l ] . r e v  ) ;  
k  =  i  +  1 ;
/ *  L o o k  f o r  t h e  n e x t  c l o s e s t  S B D  e q u i v a l e n t  * /  
w h i l e (  i  <  c o u n t  & &  f a b s ( e  -  s e q [ i ] . v  )  <  f a b s (  e  
{
-  s e q  [ k ]  . v  )  )
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j + + ;
e  =  p o w (  2 ,  (  d o u b l e  )  j  /  t o t a l  ) ;
}
i  =  k ;
}
}
/ *  F o r  t h e  o n e  b i t  s i g n  m o d e ,  p r i n t  o u t  t h e  s p e c i a l  z e r o  c a s e  * /  
i f (  z e r o m o d e  )
{
p r i n t f (  " % d \ t % d  % d \ n " ,  t o t a l ,  - 2 ,  0  ) ;
}
/ *  E n d  t h e  " t o b i n a r y "  c o m m a n d  * /  
p r i n t f  (  " E N D S A N E \ n "  )  ;
/ *  d e l e t e  t h e  f i l e n a m e  * /  
d e l e t e  f n a m e ;
/ *  l e a v e  * /  
r e t u r n ;
}
A.2.1.9 map_addsubdev.cpp
/ * $ 6
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + H  
T h i s  i s  t h e  a d d i t i o n / s u b t r a c t i o n  d e v e l o p m e n t  c o d e  u s e d  t o  f i x  o n e  
o p e r e n d  i n  t h e  S B D  d o m a i n  a n d  t h e  o t h e r  w i t h o u t  a n y  r e s t r u c t i o n s .  I t  h a s  
o n l y  b e e n  f o u n d  t o  w o r k  w i t h  s m a l l  b i t  r a n g e s .  G o o d  l u c k .  
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +  
*/
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
# i n c l u d e  < s t r i n g . h >
t t i n c l u d e  " m a p . h "
# i n c l u d e  " m a p _ f u n c t i o n s . h "
# i n c l u d e  " m a p _ i n l i n e s . h "
/*
*/
i n t  m a p  : :  a d d t a b l e _ t w o i n d e x (  v o i d  )  
{
/ * —
i n t i l
i n t i 2
i n t j l
i n t j  2
i n t k l
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i n t  k 2 ;
i n t  s q ;
d o u b l e  a d d ;  
d o u b l e  a l ;  
d o u b l e  b l ;  
d o u b l e  a 2 ;  
d o u b l e  e r ;
/*  */
k l  =  - c o u n t  *  3 2 ;  
k 2  =  c o u n t  *  3 2  -  1 ;
p r i n t f (  " s t a r t \ n "  ) ;
f o r ( i l  =  - 3 2 ;  i l  <  3 2 ;  i l + +  )
{
a l  =  l o g 2  *  i l ;
f o r (  j l  =  - c o u n t  /  2 ;  j l  <  c o u n t  /  2 ;  j 1 + +  )
{
b l  =  e x p (  a l  +  l o g n  *  j l  ) ;  
f o r (  i 2  =  - 3 2 ;  i 2  <  3 2 ;  i 2 + +  )
{
a 2  =  l o g 2  *  i 2 ;
f o r (  j 2  =  - c o u n t  /  2 ;  j 2  <  c o u n t  /  2 ;  j 2  +  +  )
{
a d d  =  b l  +  e x p (  a 2  +  l o g n  *  j 2  ) ;  
s q  =  f i n d s e q u e n c e ( a d d ,  & e r  ) ;
i f (  s q  <  k l  )
{
s q  =  k l ;
}
e l s e
i f (  s q  >  k 2  )
{
s q  =  k 2 ;
}
/*
*  k l = s e q [ m o d ( s q , c o u n t ) ] . e 2 + s q / c o u n t ;
*  k 2 = s e q [ m o d ( s q , c o u n t ) ] . e n ;
*  p r i n t f ( " % l f \ t % l f \ t % d \ t % d \ t % d \ n " , a d d , e r , s q , k l , k 2 ) ;  
*/





r e t u r n  0 ;
}
*/
i n t  m a p  : :  a d d t a b l e _ o n e i n d e x (  v o i d  
{
/*  */
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i n t i l
i n t j l
i n t k l
i n t k 2
i n t s q
d o u b l e a d d ;
d o u b l e e r
/ * ------ ------* /
k l  =  - c o u n t
k 2  =  c o u n t * * 2 - 1 ;
p r i n t f (  " s t a r t \ n "  ) ;
f o r (  i l  =  - 6 4 ;  i l  <  6 4 ;  i l + +  )
{
/ *  f o r  ( j l = - c o u n t / 2 ; j l < c o u n t / 2 ; j 1 + + )  * /  
f o r (  j l  =  - c o u n t ;  j l  <  c o u n t ;  j l + +  )
{
a d d  =  e x p (  l o g 2  *  i l  +  l o g n  *  j l  )  +  1 ;  
s q  =  f i n d s e q u e n c e (  a d d ,  & e r  ) ;
/*
*  i f ( s q  <  k l )  s q = k l ;
*  e l s e  i f ( s q  >  k 2 )  s q = k 2 ;
*/
k l  =  s e q [ m o d (  s q ,  c o u n t  ) ] . e 2  +  s q  /  c o u n t ;  
k 2  =  s e q [ m o d (  s q ,  c o u n t  ) ] .  e n ;
p r i n t f
(
" % l f \ t % d \ t % d \ t % d \ t % d \ n " ,







*  p r i n t f ( " % l f \ t % l f \ t % d \ t % d \ t % d \ n " , a d d , e r , s q , k l , k 2 ) ;




r e t u r n  0 ;
*/
i n t  m a p  : :  a d d t a b l e _ i n d e x (  v o i d  ) 
{
/*  */
i n t  i ;
i n t  j  ;
i n t  k  ;
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i n t 1 ;
i n t m ;
i n t j m a x ;
d o u b l e s e g m e n t s  ;
i n t i n d ;
i n t a d j u s t ;
i n t s q ;
i n t f i x ;
i n t a d j u s t i ;
i n t o f f s e t ;
i n t l i m i t ;
i n t l a s t ;
d o u b l e a d d ;
d o u b l e e x p e c t ;
d o u b l e e r ;
i n t s c a n l ;
i n t s c a n 2 ;
i n t s c a n 3 ;
i n t 1 s c a n l ;
i n t l s c a n 2 ;
i n t l a s t l  =  - 1 ;
i n t l a s t l 2  =  - 1 ;
d o u b l e h a l f  ;
d o u b l e h a l f 2 ;
d o u b l e h a l f d ;
d o u b l e h a l f d 2 ;
i n t h a l f i ;
i n t s q h  ;
i n t s q l ;
i n t i i  ;
i n t i i p j ;
d o u b l e V i ;
d o u b l e v s q  ;
d o u b l e l o g 2 m a p ;
i n t p r o g r e s s ;
i n t p r o g r e s s l i m ;
i n t S W ;
i n t a l l g o o d  =  0 ;
d o u b l e s c o r e ;
d o u b l e b e s t s c o r e  =  :
d o u b l e w o r s t s c o r e  =
i n t w o r s t j ;
i n t w o r s t i ;
d o u b l e w o r s t e r ;
d o u b l e e r r s w i t c h ;
d o u b l e a d d l  ;
d o u b l e a d d 2 ;
a s t a b * t t a b l e ;
i n t i s t a r t ;
i n t i  e n d  ;
i n t m d  =  0 ;
/ *
*  s t r u c t  s a v e d  {  i d
b i g n u m ;
x t a b l e  * i d x ;  a s t a b  * t t a b l e ;  i n t  s c a n l , s c a n 3 ,
*  d o u b l e  a d d , e r ;  }  s t a c k [ 1 0 0 0 ] ;
*/
s t r u c t  s a v e d  
{
i d x t a b l e  * i d x ;  
a s t a b  * t t a b l e ;
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i n t  s c a n l ;
i n t  s c a n 2 ;
i n t  a d j u s t i ;
i n t  s q ;
d o u b l e  a d d l ;
d o u b l e  a d d 2  ;
}  s t a c k [ 1 0 0 0 ] ;  
i n t  s u b t e m p  [ 1 0 0 0 0 ] ;  
i n t  i d x p o i n t  =  0 ;
/*  */
s e g m e n t s  =  l o g (  2 . 0  /  ( p o w (  2 ,  1 . 0  /  (  d o u b l e  )  t o t a l  )  -  1 . 0 )  )  /  
l o g 2  +
0 . 1 ;
i  =  (  i n t  )  c e i l (  l o g (  1 . 0  /  ( i n c [ 0 ] . v  -  1 . 0 )  )  /  l o g 2  +  0 . 1  ) ;
i s t a r t  =  t o t a l  *  (  i  *  2  ) ;
i e n d  =  i s t a r t  +  t o t a l ;
l i m i t  =  l a s t  =  (  i n t  )  (  s e g m e n t s  *  (  d o u b l e  )  t o t a l  ) ;
t t a b l e  =  n e w  a s t a b [ l i m i t ] ;
p r o g r e s s l i m  =  (  i n t  )  (  ( d o u b l e  )  t o t a l  /  s e g m e n t s  ) ;
f o r (  j  = 0 ;  j  <  l i m i t ;  j + +  )
{
t t a b l e [ j ] . a d j  =  e m p t y ;  
t t a b l e [ j ] . l o w  =  0 ;  / *  b i g n u m ;  * /
t t a b l e  [ j ]  . h i g h  =  0 ;  / *  b i g n u m ;  * /  
t t a b l e [ j ] . f i x  =  e m p t y ;
s u b t e m p [ j ]  =  e m p t y ;
}
p r i n t f (  " #  S e g m e n t s = % l f \ n " ,  s e g m e n t s  ) ;
j m a x  =  (  i n t  )  c e i l  (  (  d o u b l e  )  t o t a l  *  s e g m e n t s  ) ;  
l o g 2 m a p  =  t o t a l  /  l o g (  2  ) ;
p r i n t f  (  " #  P a s s  1  :  "  )  ;
/ *  p r i n t f (  " P a s s  1  :  0 % %  "  ) ;  * /  
f f l u s h f  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
f o r (  j  = 0 ;  j  <  j m a x ;  j + +  )
{
a d d  =  0 ;  
s c a n l  =  0 ;
f o r (  i  =  0 ;  i  <  t o t a l ;  i + +  )
{
v i  =  i n d e x v a l u e (  i  +  i s t a r t  ) ;
k  =  i  +  i s t a r t  +  j ;
m o d 2 (  k ,  t o t a l ,  & 1 ,  & s q  ) ;
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i f f  i d x  [ 1 ] . r e v  <  0  & &  i d x [ i ] . r e v  <  0  )
{
c o n t i n u e ;
}
i n d  =  j ;
i f ( i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  i n d e x v a l u e (  k  )  +  v i ;
a d j u s t  =  f i n d i n d e x f  e x p e c t ,  & e r  )  -  k ;
/ *  p r i n t f ( "  +  % d  % d \ n " , i n d , a d j u s t ) ;  * /  
a d d  =  a d d  +  a d j u s t ;  
s c a n l + + ;
}
i f (  s c a n l  )
{
t t a b l e [ i n d ] . a d j  =  (  i n t  )  f l o o r (  a d d  /  ( (  d o u b l e  )  s c a n l )  +  . 5  ) ;
}
/*
*  p r i n t f ( "  -  % d  % d \ n " , t t a b l e [ i n d ] . a d j , s c a n l ) ;
*  i f  ( j  = = 0 >  c o n t i n u e ;  a d d  =  0 ;  s c a n l  =  0 ;  f o r (  i  =  0  ;  i  <  t o t a l  ;
*  i + +  )  {  v i  i n d e x v a l u e (  i  +  i s t a r t  ) ;  k  =  i  +  i s t a r t  +  j ;
*  m o d 2 ( k , t o t a l , & 1 , & s g ) ;  i f ( i d x [ 1 ] . r e v < 0  & &  i d x [ i ] . r e v < 0 )  c o n t i n u e ;
*  i n d  =  j ;  i f (  i n d  > =  l i m i t  )  c o n t i n u e ;  e x p e c t  i n d e x v a l u e (  k  )  v i ;
*  a d j u s t  =  f i n d i n d e x (  e x p e c t  ,  & e r  )  k ;  / /  p r i n t f ( "  +  % d
*  % d \ n " , i n d , a d j u s t ) ;  a d d  =  a d d  +  a b s ( a d j u s t ) ;  s c a n l + + ;  }  i f ( s c a n l )
*  t t a b l e  [  i n d  ]  . f i x  =  - f l o o r ( a d d / (  ( d o u b l e ) s c a n l ) +  . 5 ) ;  / /  p r i n t f ( "
*  -  % d  % d \ n " , t t a b l e [ i n d ] . f i x , s c a n l ) ;
*/
e r r s w i t c h  =  1 ;  
f o r s u b : 
s w  =  0  ;
b e s t s c o r e  =  b i g n u m ;  
w o r s t s c o r e  =  0 ;
i d x p o i n t  =  0 ;
a g a i n :
a l l g o o d  =  0 ;  
s c o r e  =  0 ;  
w o r s t i  =  - 1 ;
w o r s t e r  =  b i g n u m ;  
i f (  e r r s w i t c h  >  0  ) 
{
w o r s t e r  =  - 1 ;
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}
f o r (  j  = 0 ;  j  <  j m a x ;  j + +  )
{
l o o p r e s t a r t :
i f  (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
/*
*  p r i n t f (  " . "  ) ;
*  p r i n t f (  " \ b \ b \ b \ b \ b % 3 d % %  "  ,  ( i * 1 0 0 ) / c o u n t ) ;  
*/
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
i f (  m d  & &  j  = = 0  )
{
c o n t i n u e ;
}
a d d  =  0 ;  
s c a n l  =  0 ;
f o r (  i  =  0 ;  i  <  t o t a l ;  i + + ,  p r o g r e s s + +  )
{
i n s i d e l o o p :
v i  =  i n d e x v a l u e (  i  +  i s t a r t  ) ;
k  =  i  +  i s t a r t  +  j ;
m o d 2 (  k ,  t o t a l ,  & 1 ,  & s q  ) ;
i f (  i d x [ l ] . r e v  <  0  & &  i d x [ i ] . r e v  <  0  )
{
c o n t i n u e ;
}
i n d  =  j ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
i  f (  ! m d  )
{
e x p e c t  =  i n d e x v a l u e (  k  )  +  v i ;  
a d j u s t  =  t t a b l e  [ i n d ]  . a d j ;
}
e l s e
{
e x p e c t  =  i n d e x v a l u e (  k  )  -  v i ;  
a d j u s t  =  t t a b l e [ i n d ] . f i x ;
s q  =  f i n d i n d e x (  e x p e c t ,  & e r  ) ;
i f (  i n d  <  l a s t  & &  s q  = =  k  )
{
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l a s t  =  i n d ;
}
i f  (  i n d  > =  l a s t  & &  s q  ! =  k  )
{
l a s t  =  i n d  +  1 ;
}
a d j u s t i  =  a d j u s t  +  k ;  
o f f s e t  =  a d j u s t i  -  s q ;
/ *
*  p r i n t f ( " \ n % d  % d  % d  % d  % l f  % l f  % l f  % l f
*  % l f " , i n d , a d j u s t i - k , s q - k , f i x , v i , i n d e x v a l u e ( k ) , e x p e c t , e r , o t h e r ) ;
*  p r i n t f ( " \ n % d  % d  % d  % d  % d  " , i n d , a d j u s t i - k , s q - k , i , 1 ) ;
* /
v s q  =  i n d e x v a l u e (  s q  )  ;  
h a l f i  =  - 1 ;
h a l f d  =  (  i n d e x v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;  
h a l f d 2  =  (  v s q  +  i n d e x v a l u e (  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
a d d  =  a d d  +  (  s q  -  k  )  ;  
s c a n l + + ;
/ *  i f (  o f f s e t  & &  s w = = l  & &  w o r s t j = = j  & &  w o r s t i = = i  )  * /  
i f  (  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 5 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
a l l g o o d + + ;
/ *
*  p r i n t f ( " \ n " ) ;
*  c o n t  i n u e ;
* /
i f (  s w  = =  0  )
{
/ *  s c o r e  + =  a b s ( o f f s e t ) ;  * /
h a l f d 2  =  i n d e x v a l u e (  a d j u s t i  )  -  i n d e x v a l u e ( s q  ) ;  
s c o r e  + =  f a b s (  h a l f d 2  ) ;
}
p r i n t f (  " [ % d ]  % d  % d  " ,  i n d ,  a d j u s t ,  s q  -  k  ) ;
m o d 2 (  a d j u s t i ,  t o t a l ,  & s c a n l ,  & 1  ) ;  
m o d 2 ( s q ,  t o t a l ,  & s c a n 2 ,  & 1  ) ;
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p r i n t f
(
"  *  % 1 . 1 0 1 g  % d  ( % d , % d )  % d  ( % d , % d )  " ,
h a l f ,
a d j u s t i ,
s c a n l ,
i d x [ s c a n l ]  . r e v ,  
s q ,
s c a n 2 ,
i d x [ s c a n 2 ] . r e v
) ;
i f (  a b s ( s q  -  a d j u s t i  )  >  1  )
{
p r i n t f (  " D i f f e r e n c e  g r e a t e r  t h a n  l \ n "  ) ;
S W =  1  ;
g o t o  g o b a c k ;
}
/ *  i f ( i d x [ s c a n l ]  . r e v < - 1  | |  i d x [ s c a n 2 ]  . r e v < - 1 )  p r i n t f ( " % %  " ) ;  * /  
a d d  =  n o r m a l i z e ( e x p e c t ,  N U L L  ) ;
/ *
*  a d d l  =  0 ;
*  a d d 2  =  f a b s (  f a b s ( a d d  -  i d x [ s c a n 2 ] . v )  -  f a b s ( a d d
*  i d x [ s c a n l ] . v )  )  s i g n d ( s q - a d j u s t i ) ;
* /
a d d  =  f a b s (  f a b s ( a d d  -  i d x [ s c a n 2 ] . v  )  -  f a b s (  a d d  -  i d x [ s c a n l ] . v  )  ) 
*  s i g n d ( s q  -  a d j u s t i  ) ;  
a d d l  =  0 ;  
a d d 2  =  a d d ;
/ *
*  i f ( i d x [ s c a n l ] . r e v < 0  & &  i d x [ s c a n 2 ] . r e v < 0  & &  (  ( l s c a n l ! = s c a n l
*  & &  l s c a n 2 ! = s c a n 2 )  & &  ( l s c a n l ! = s c a n 2  & &  l s c a n 2 ! = s c a n l )  )  )
* /
i f (  i d x [ s c a n l ] . r e v  <  0  & &  i d x [ s c a n 2 ] . r e v  <  0  )
{
i f (  s w  = =  1  )
{
s t a c k  [ i d x p o i n t ]  . i d x  =  i d x ;  
i d x  =  n e w  i d x t a b l e [ t o t a l  +  1 ] ;  
m e m c p y  
(
i d x ,
s t a c k  [ i d x p o i n t ]  . i d x ,  
s i z e o f ( * i d x )  *  ( t o t a l  +  1 )
) ;
s t a c k  [ i d x p o i n t ]  . t t a b l e  =  t t a b l e ;  
t t a b l e  =  n e w  a s t a b [ l i m i t ] ;  
m e m c p y  
(
t t a b l e ,
s t a c k  [ i d x p o i n t ]  . t t a b l e ,  
s i z e o f ( * t t a b l e )  *  l i m i t
) ;
s t a c k  [ i d x p o i n t ]  . s c a n l  =  s c a n l ;
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s t a c k [ i d x p o i n t ] . s c a n 2  =  s c a n 2 ; 
s t a c k [ i d x p o i n t ] . a d j u s t i  =  a d j u s t i ;  
s t a c k [ i d x p o i n t ] . s q  =  s q ;  
s t a c k [ i d x p o i n t ] . a d d l  =  0 ;  
s t a c k [ i d x p o i n t ] . a d d 2  =  a d d ;
i d x p o i n t + + ;
s t a c k [ i d x p o i n t ] . i d x  =  i d x ;  
i d x  =  n e w  i d x t a b l e [ t o t a l  +  1 ]  ;  
m e m c p y  
(
i d x ,
s t a c k  [ i d x p o i n t ]  . i d x ,  
s i z e o f ( * i d x )  *  ( t o t a l  +  1 )
) ;
s t a c k  [ i d x p o i n t ]  . t t a b l e  =  t t a b l e ;  
t t a b l e  =  n e w  a s t a b [ l i m i t ] ;  
m e m c p y  
(
t t a b l e ,
s t a c k [ i d x p o i n t ] . t t a b l e ,  
s i z e o f ( * t t a b l e )  *  l i m i t
) ;
s t a c k [ i d x p o i n t ] . s c a n l  =  s c a n l ;  
s t a c k  [ i d x p o i n t ]  . s c a n 2  =  s c a n 2 ;  
s t a c k [ i d x p o i n t ] . a d j u s t i  =  a d j u s t i ;  
s t a c k [ i d x p o i n t ] . s q  =  s q ;  
s t a c k  [ i d x p o i n t ] . a d d l  =  a d d ;  
s t a c k [ i d x p o i n t ] . a d d 2  =  0 ;
i d x p o i n t + + ;
p r i n t f (  " s p l i t  % d \ n " ,  i d x p o i n t  ) ;  
a d d l  =  a d d 2  =  a d d  /  2 . 0 ;
}
e l s e
{
p r i n t f (  " p r e t e n d  s p l i t  % d \ n " ,  i d x p o i n t  +  2  ) ;
}
}
e l s e
i f (  i d x [ s c a n 2 ] . r e v  <  0  )
{
/ *  N o t h i n g  * /
}
e l s e
{
a d d l  =  a d d ;  
a d d 2  =  0 ;
}
k  =  0  ;  
w h i l e  
(
(
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( k  <  3  | |  s w  = =  1 )
&& (
( i d x [ s c a n l ] . c h a n g e s  & &  s i g n d (  a d d l  )  ! =  s i g n d (
i d x [ s c a n l ] . c h a n g e s  ) )
| |  ( i d x [ s c a n 2 ] . c h a n g e s  & &  s i g n d (  a d d 2  )  ! =  s i g n d (




( k  >  2  & &  s w  = =  0 )
&& (
(
s t a c k [ i d x p o i n t  -  k  +  2 ] . i d x [ s c a n l ] . c h a n g e s  
& &  s i g n d (  s t a c k [ i d x p o i n t  -  k  +  2 ] . a d d l  )  ! =  s i g n d (
s t a c k [ i d x p o i n t  -  k  +  2 ] . i d x [ s c a n l ] . c h a n g e s  )
)
II (
s t a c k  [ i d x p o i n t  -  k  +  2 ]  . i d x [ s c a n 2 ]  . c h a n g e s  
& &  s i g n d (  s t a c k  [ i d x p o i n t  -  k  +  2 ]  , a d d 2  )  ! =  s i g n d (






g o b a c k :
f f l u s h (  s t d o u t  ) ;
i f ( s w  = =  1  )
{
i d x p o i n t - - ;
i f  (  i d x p o i n t  <  0  )
{
r e t u r n  0 ;
}
d e l e t e  i d x ;
i d x  =  s t a c k [ i d x p o i n t ] . i d x ;  
d e l e t e  t t a b l e ;
t t a b l e  =  s t a c k [ i d x p o i n t ] . t t a b l e ;
s c a n l  =  s t a c k [ i d x p o i n t ] . s c a n l ;  
s c a n 2  =  s t a c k [ i d x p o i n t ] . s c a n 2 ;  
a d j u s t i  =  s t a c k [ i d x p o i n t ] . a d j u s t i ;  
s q  =  s t a c k  [ i d x p o i n t ]  . s q ;  
a d d l  =  s t a c k [ i d x p o i n t ] . a d d l ;  
a d d 2  =  s t a c k [ i d x p o i n t ] . a d d 2 ;
p r i n t f (  " r e m o v e  % d \ n " ,  i d x p o i n t  ) ;
}
e l s e
i f  ( s w  = =  0  )
{
i f  (  k  = =  0  )
{
a d d l  =  0 ;  
a d d 2  =  a d d ;
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p r i n t f (  " p r e t e n d  r e m o v e  % d \ n " ,  i d x p o i n t  +  1  )  ;
}
e l s e
i f  { k  = =  1  )
{
a d d l  =  a d d ;  
a d d 2  =  0  ;
p r i n t f (  " p r e t e n d  r e m o v e  % d \ n " ,  i d x p o i n t  ) ;
}
e l s e
{
i f (  i d x p o i n t  -  k  +  1  <  0  )
{
g o t o  e n d t e s t ;
}
p r i n t f (  " p r e t e n d  r e m o v e  % d \ n " ,  i d x p o i n t  -  k  +  1  )  ;
s c a n l  =  s t a c k [ i d x p o i n t  -  k  +  1 ] . s c a n l ;
s c a n 2  =  s t a c k [ i d x p o i n t  -  k  +  1 ] . s c a n 2 ;
a d j u s t i  =  s t a c k [ i d x p o i n t  -  k  +  1 ] . a d j u s t i ;
s q  =  s t a c k [ i d x p o i n t  -  k  +  1 ] .  s q ;
a d d l  =  s t a c k  [ i d x p o i n t  -  k  +  1 ]  . a d d l ;
a d d 2  =  s t a c k  [ i d x p o i n t  -  k  +  1 ]  . a d d 2 ;
}
}
k + +  ;
}
i f (  s w  = =  1  )
{
l s c a n l  =  s c a n l ;  
l s c a n 2  =  s c a n 2 ;  
i f (  ! a d d l  )
{
l s c a n l  =  s c a n 2 ;  
l s c a n 2  =  - 1 ;
}
i f (  ! a d d 2  )
{
l s c a n l  =  s c a n l ;  
l s c a n 2  =  - 1 ;
}
p r i n t f (  " % l . l 0 1 g  % l f  " ,  i d x [ s c a n l ] . v ,  a d d l  ) ;
p r i n t f (  " % 1 . 1 0 1 g  % l f  " ,  i d x  [ s c a n 2 ]  . v ,  a d d 2  ) ;
a d d l  =  a d d l  *  1 . 0 0 1 ;
a d d 2  =  a d d 2  *  1 . 0 0 1 ;
i d x [ s c a n l ] . c h a n g e s  + =  a d d l ;
i d x [ s c a n l ] , v  + =  a d d l ;
i d x [ s c a n 2 ] . c h a n g e s  + =  a d d 2 ;
i d x [ s c a n 2 ] . v  + =  a d d 2 ;
p r i n t f (  " \ n "  ) ;
}
e l s e
i f (  s w  = =  0  )
{
h a l f  =  f a b s (  a d d l  ) +  f a b s (  a d d 2  ) ;
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/ *  i f ( f a b s ( h a l f ) c w o r s t e r )  * /  
i f (  ! a d d l  )
{
s c a n l  =  s c a n 2 ;  
s c a n 2  =  - 1 ;
}
i f (  ! a d d 2  )
{
s c a n l  =  s c a n l ;  
s c a n 2  =  - 1 ;
}
/ *
*  i f ( h a l f < w o r s t e r  & &  (  ! ( l s c a n l = = s c a n l  & &  I s c a n 2 = = s c a n 2 )  & &




s i g n d (  h a l f  -  w o r s t e r  )  = =  e r r s w i t c h  
&& (
! ( l s c a n l  = =  s c a n l  & &  l s c a n 2  = =  s c a n 2 )  & &  !




p r i n t f (  " + + +  % 1 . 1 5 1 g  % 1 . 1 5 1 g  " ,  h a l f ,  w o r s t e r  ) ;  
w o r s t j  =  j ;  
w o r s t i  =  i ;  
w o r s t e r  =  h a l f ;
/ *  e r r s w i t c h  =  - e r r s w i t c h ;  * /
}
e l s e
{
p r i n t f (  " ----------  % l . l 5 1 g  % 1 . 1 5 1 g  " ,  h a l f ,  w o r s t e r  ) ;
}
p r i n t f
(
" % d  % d  % d  % d  % d  \ n " ,  
i n d ,
a d j u s t i  -  k ,  
s q  -  k ,  
s c a n l ,  
s c a n 2
) ;
}
e n d t e s t :
i f (  s w  = =  1  )
{
s w  =  0  ;  
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}
}
i f  (  a l l g o o d  >  1  & &  w o r s t i  <  0  )
{
r e t u r n  0 ;
}
i f (  s w  = =  0  )
{
i f (  s c o r e  >  w o r s t s c o r e  )
{
w o r s t s c o r e  =  s c o r e ;
}
i f (  s c o r e  <  b e s t s c o r e  )
{
p r i n t f (  " b e s t  "  )  ;  
b e s t s c o r e  =  s c o r e ;
}
p r i n t f (  " s c o r e = % l f  % l f  % l f \ n " ,  s c o r e ,  b e s t s c o r e ,  w o r s t s c o r e  ) ;  
j  =  w o r s t j  ;  
i  =  w o r s t i ;  
s w + +  ;
i f (  a l l g o o d  )
{
g o t o  i n s i d e l o o p ;
}
}
p r i n t f (  "  \ n "  ) ;
i f  (  a l l g o o d  )
{
g o t o  a g a i n ;
}
p r i n t f (  " D O N E \ n "  )  ;
/*
*  f o r ( i = 0 ;  i < t o t a l + l ;  i + + )  {  i f ( i d x [ i ] . r e v > = 0 )  p r i n t f ( " *  " ) ;  e l s e
*  p r i n t f ( "  " ) ;  h a l f = p o w ( 2 , (  ( d o u b l e ) i / ( d o u b l e ) t o t a l )  ) ;  p r i n t f ( " % d
*  % l f  % l f \ n " , i , i d x  [ i ]  . v , h a l f ) ;  }  p r i n t f ( " T A B L E : \ n " ) ;  f o r ( i = 0 ;
*  i < l i m i t ;  i + + )  {  i f  ( t t a b l e  [ i ]  . a d j ! = e m p t y )
*  p r i n t f ( " % d \ t % d \ n " , i , t t a b l e [ i ] . a d j ) ;  }  a d d s i z e  a d d s u b r e d u c e (  t t a b l e
*  ,  l i m i t  ,  & l a s t  ) ;  a d d r a n g e  =  l a s t ;
*/
i f (  m d  )
{
e x i t (  1  ) ;
}
f o r t  j  = 1 ;  j  <  j m a x ;  j + +  )
{
a d d  =  0 ;  
s c a n l  =  0 ;
f o r (  i  =  0 ;  i  <  t o t a l ;  i + +  )
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{
v i  =  i n d e x v a l u e (  i  +  i s t a r t  ) ;
k  =  i  +  i s t a r t  +  j ;
m o d 2 (  i  +  j ,  t o t a l ,  & 1 ,  & s q  ) ;  
i f (  i d x [ l ] . r e v  <  0  & &  i d x [ i ] . r e v  <  0  )
{
c o n t i n u e ;
}
i n d  =  j ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  i n d e x v a l u e (  k  )  -  v i ;
a d j u s t  =  f i n d i n d e x (  e x p e c t ,  & e r  )  -  k ;
/ *  p r i n t f ( "  +  % d  % d \ n " , i n d , a d j u s t ) ;  * /  
a d d  =  a d d  +  a b s (  a d j u s t  ) ;  
s c a n l + + ;
}
i f (  s c a n l  )
{
t t a b l e [ i n d ] . f i x  =  - (  i n t  )  f l o o r (  a d d  /  ( (  d o u b l e  )
}
/ *  p r i n t f ( "  -  % d  % d \ n " , t t a b l e [ i n d ] . f i x , s c a n l ) ;  * /
}
m d  =  1  ;
/ *  e r r s w i t c h  =  - 1 ;  * /  
g o t o  f o r s u b ;
r e t u r n  1 ;
p r i n t f (  "#  P a s s  3  :  "  )  ;  
f f l u s h (  s t d o u t  )  ,- 
p r o g r e s s  =  0 ;
f o r (  i  =  0 ;  i  <  t o t a l ;  i + + ,  p r o g r e s s + +  )
{
i f ( p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f ( " . "  ) ;  
f f l u s h t  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
v i  =  i n d e x v a l u e (  i  ) ;
f o r (  j  =  0 ;  j  <  j m a x ;  j + +  )
{
s c a n l )  +  . 5  ) ;
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k  =  i  +  j  ;
i n d  =  k  -  i  ;
i f  (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  i n d e x v a l u e ( k  )  +  v i ;
/ *  s q  =  f l o o r (  l o g (  e x p e c t  )  *  l o g 2 m a p  +  0 . 5  ) ;  * /  
s q  =  f i n d i n d e x (  e x p e c t ,  & e r  ) ;
o f f s e t  =  t t a b l e  [ i n d ]  . a d j  +  k  -  s q ;
v s q  =  i n d e x v a l u e (  s q  )  ;
h a l f d  =  (  i n d e x v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;  
h a l f d 2  =  (  v s q  +  i n d e x v a l u e ( s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
h a l f i  =  - 1 ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
i f (  o f f s e t  )
{
i f ( ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
p r i n t f (  " \ t V e r i f i c a t i o n  p r o b l e m . \ n "  ) ;
d e l e t e  t t a b l e ;  





p r i n t f ( " \ n "  ) ;
a d d l u t  =  a d d s u b r a l u t ( t t a b l e ,  l i m i t ,  a d d s i z e  ) ;  
d e l e t e  t t a b l e ;
i  =  (  i n t  ) c e i l (  l o g  (  m o d u (  a d d l u t [ a d d s i z e  -  1 ]  . i n ,  t o t a l  )  ) 
i f (  v _ s b d h i g h b i t s l i m i t  & &  v _ s b d h i g h b i t s l i m i t  ! =  i  )
{
p r i n t f (  " o p h s i z e  n o t  t h e  s a m e . \ n "  ) ;  
e x i t  ( 1  )  ;
}
v _ s b d h i g h b i t s l i m i t  =  i ;
/  l o g 2  ) ;
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v _ s b d l o w b i t s  =  (  i n t  )  c e i l (  l o g (  t o t a l  )  /  l o g 2  ) ;  
v _ t o t a l  =  t o t a l ;  
v _ a d d t a b l e s i z e  =  a d d s i z e ;
/ * -----------------------------------------------------------------------------------------------------------------------------------------* /
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . a d d "  ) ;
/ * -----------------------------------------------------------------------------------------------------------------------------------------* /
p r i n t f (  " #  r e m o v e  a d d  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C O M M _ r m ,  f n a m e  ) ;
p r i n t f (  "#  m a k e  a d d  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D A D D  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ s b d h i g h b i t s l i m i t ,  
v _ s b d l o w b i t s ,
1 ,
v _ s b d l o w b i t s ,  
f n a m e
)  ;
f o r (  j  = 0 ;  j  <  a d d s i z e ;  j + +  )
{
/ *  p r i n t f (  " % d \ t % d \ t "  ,  a d d l u t  [  j  ]  . i n  ,  a d d l u t [  j  ]  .  o u t  ) ;  * /  
p r i n t f  
(
" % d  % d \ t % d  % d \ n " ,  
m o d u (  a d d l u t [ j ] . i n ,  t o t a l  ) ,  
m o d (  a d d l u t [ j ] . i n ,  t o t a l  ) ,  
m o d u (  a d d l u t  [ j ]  . o u t ,  t o t a l  )  ,  
m o d (  a d d l u t  [ j ]  . o u t ,  t o t a l  )
)  ;
}
p r i n t f (  " E N D A D D \ n "  ) ;  
d e l e t e  f n a m e ;  




i n t  m a p  : :  s u b t a b l e _ i n d e x (  v o i d  )  
{
/ *  * /
i n t  i ;
i n t  j  ;
i n t  k  ;
i n t  1  ;
Software Addition/Subtraction/Reduction Table Generator 379
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
University o f  W indsor
i n t j  m a x ;
d o u b l e s e g m e n t s ;
i n t i n d ;
i n t a d j u s t ;
i n t s q ;
i n t f i x ;
i n t a d j u s t i ;
i n t o f f s e t ;
i n t l i m i t ;
i n t l a s t ;
d o u b l e a d d ;
d o u b l e e x p e c t ;
d o u b l e e r ;
i n t s c a n l ;
i n t s c a n 2 ;
i n t s c a n 3 ;
d o u b l e h a l f  ;
d o u b l e h a l f 2 ;
d o u b l e h a l f d ;
d o u b l e h a l f d 2 ;
i n t h a l f i ;
i n t s q h ;
i n t s q l  ;
i n t i i  ;
i n t i i p j  ;
d o u b l e v i ;
d o u b l e v s q ;
d o u b l e v s q p l ;
d o u b l e v s q m l ;
d o u b l e l o g 2 m a p ;
i n t p r o g r e s s ;
i n t p r o g r e s s l i m ;
i n t i s t a r t ;
i n t i e n d ;
a s t a b * t t a b l e ;
/ * ------------------- -------------------------------------------- * /
s e g m e n t s  =  l o g (  2 . 0  /  ( p o w (  2 ,  1 . 0  /  (  d o u b l e  )  t o t a l  )  -  1 . 0 )  )  /  
l o g 2  +
0 . 1 ;
i  =  (  i n t  )  c e i l (  l o g (  1 . 0  /  ( i n c [ 0 ] . v  -  1 . 0 )  )  /  l o g 2  +  0 . 1  ) ;
i s t a r t  =  t o t a l  *  (  i  *  2  ) ;  
i e n d  =  i s t a r t  +  t o t a l ;
l i m i t  =  l a s t  =  (  i n t  )  (  s e g m e n t s  *  (  d o u b l e  )  t o t a l  ) ;
t t a b l e  =  n e w  a s t a b [ l i m i t ] ;
p r o g r e s s l i m  =  (  i n t  )  (  (  d o u b l e  )  t o t a l  /  s e g m e n t s  ) ;
f o r (  j  = 0 ;  j  <  l i m i t ;  j + +  )
{
t t a b l e [ j ] . a d j  =  e m p t y ;  
t t a b l e [ j ] . l o w  =  - b i g n u m ;  
t t a b l e [ j ] . h i g h  =  b i g n u m ;  
t t a b l e [ j ] . f i x  =  0 ;
}
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p r i n t f (  " #  S e g m e n t s = % l f ,  i = % d \ n " ,  s e g m e n t s ,  i  ) ;
j m a x  =  (  i n t  )  c e i l (  (  d o u b l e  )  t o t a l  *  s e g m e n t s  ) ;  
l o g 2 m a p  =  t o t a l  /  l o g (  2  )  ;
p r i n t f (  " #  P a s s  1  :  "  )  ;  
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
f o r (  i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  " . "  ) ;  
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
v i  =  i n d e x v a l u e (  i  )  ;
f o r  (  j  = 1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
i n d  =  k  -  i  ;
i f  (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  i n d e x v a l u e (  j  +  i  )  -  v i ;
i f (  e x p e c t  < 1 . 0 )
{
p r i n t f (  " \ t T a r g e t  l e s s  t h a n  1  ( % 1 . 1 5 1 g ) \ n " ,  e x p e c t  ) ;  
e x i t (  1  ) ;
}
a d j u s t  =  t t a b l e  [ i n d ]  . a d j ;  
f i x  =  t t a b l e [ i n d ] . f i x ;
i f (  a d j u s t  = =  e m p t y  )
{
a d d  =  k  -  l o g (  e x p e c t  )  *  l o g 2 m a p ;
/ *  p r i n t f ( " % d \ t % d \ t [ % l f ] \ t " , i n d , k , a d d ) ;  * /  
a d j u s t  =  (  i n t  )  f l o o r (  a d d  +  0 . 5  ) ;
t t a b l e [ i n d ] . a d j  =  a d j u s t ;
}
/ *  s q  =  f l o o r (  l o g (  e x p e c t  )  *  l o g 2 m a p  +  0 . 5  ) ;  * /  
s q  =  f i n d i n d e x (  e x p e c t ,  & e r  ) ;
i f  (  i n d  <  l a s t  & &  s q  = =  k  )
{
l a s t  =  i n d ;
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i f f  i n d  > =  l a s t  & &  s q  ! =  k  )
{
l a s t  =  i n d  +  1 ;
}
a d j u s t i  =  k  -  a d j u s t ;  
o f f s e t  =  a d j u s t i  -  f i x  -  s q ;  
v s q  =  i n d e x v a l u e (  s q  )  ;  
h a l f i  =  - 1 ;
h a l f d  = '  (  i n d e x v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;  
h a l f d 2  =  (  v s q  +  i n d e x v a l u e (  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s ( ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
i f (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
i f (  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
i f (  f i x  ! =  0  )
{
p r i n t f (  " + "  ) ;  
f f l u s h (  s t d o u t  ) ;
i f (  o f f s e t  ! =  s i g n (  f i x  )  )
{
/ *
*  p r i n t f ( " i n d = % d ,  a d j u s t = % d ,  f i x = % d ,  s 2 i ( i + j ) = % d ,
*  " , i n d , a d j u s t , f i x , k ) ;  p r i n t f ( " j =  % d ,  i  =  % d ,  e 2 j = % d ,
*  e n j = % d ,  e 2 i = % d ,  e n i = % d ,
*
" , j , i , s e q [ m o d ( j , c o u n t ) ] . e 2 + m o d u ( j , c o u n t ) , s e q [ m o d ( j , c o u n t ) ] . e n , s e q [ m o d ( i , c o u n t )
]  . e 2 + m o d u ( i , c o u n t ) , s e q [ m o d ( i , c o u n t )  ]  . e n ) ;
*  p r i n t f ( " e 2 j i = % d ,  e n j i = % d ,
*
" , s e q [ m o d ( i + j , c o u n t ) ] . e 2 + m o d u ( i + j , c o u n t ) , s e q [ m o d ( i + j , c o u n t ) ] . e n ) ;
*  p r i n t f ( " a d d 2 = % d ,  a d d = % l f ,  " , a d d 2 ,  a d d ) ;  p r i n t f ( " % d
*  [ % 1 . 1 5 1 g ]  " , s e q u e n c e t o i n d e x ( s q - 1 ) , e x p e c t - v s q m l ) ;
*  p r i n t f ( " % d  [ % 1 . 1 5 1 g J  " , s e q u e n c e t o i n d e x ( s q ) , e x p e c t - v s q ) ;
*  p r i n t f ( " % d
*  [ % 1 . 1 5 1 g ] \ n " , s e q u e n c e t o i n d e x ( s q + 1 ) , e x p e c t - v s q p l ) ;
*  p r i n t f ( " e r r o r s :  % l g
*  " , f a b s ( f a b s ( e x p e c t - v s q m l ) - f a b s ( e x p e c t - v s q )  ) ) ;
*  p r i n t f ( " % l g \ n " , f a b s ( f a b s ( e x p e c t - v s q ) - f a b s ( e x p e c t - v s q p l )
*  ) ) ;  p r i n t f ( " e x p e c t : % 1 . 1 5 1 g \ n " , e x p e c t ) ;  p r i n t f ( " a p p r o x :
*  % 1 . 1 5 1 g  % 1 . 1 5 1 g  % 1 . 1 5 1 g \ n " , v s q m l , v s q , v s q p l ) ;
*  p r i n t f ( " m i d d l e :  % 1 . 1 5 1 g  % 1 . 1 5 1 g \ n " ,  ( v s q m l + v s q ) / 2 . 0 ,
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*  ( v s q + v s q p l ) / 2 . 0 ) ;  p r i n t f ( " h a l f :  % d
*  % 1 . 1 5 1 g \ n " , h a l f i , h a l f ) ;
* /
p r i n t f (  " \ t A d j u s t m e n t  t r e n d  c h a n g e d . \ n "  )  ;
d e l e t e  t t a b l e ;  
r e t u r n  0 ;
}
}
w h i l e (  o f f s e t  )
{
/ *
*  p r i n t f ( " F i x i n g  e n t r y  % d  w i t h  % d  f r o m  % d  t o
*  " , i n d , t t a b l e [ i n d ] . a d j , t t a b l e [ i n d ] . f i x ) ;
* /
i f  (  o f f s e t  >  0  )
{
f i x + + ;
}
e l s e
{
f i x - - ;
}
/ *  p r i n t f ( " % d \ n " , t t a b l e [ i n d ] . f i x ) ;  * /  
o f f s e t  =  a d j u s t i  -  f i x  -  s q ;
}





p r i n t f  (  " \ n "  ) ;
p r i n t f  (  " #  P a s s  2  :  "  ) ;  
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
f o r t  i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h t  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
v i  =  i n d e x v a l u e (  i  ) ;
f o r t  j  =  1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
i n d  =  k  -  i ;
i f (  i n d  > =  l i m i t  )
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{
c o n t i n u e ;
}
e x p e c t  =  i n d e x v a l u e (  k  ) -  v i  ;
/ *  s q  =  f l o o r (  l o g ( e x p e c t  )  *  l o g 2 m a p  +  0 . 5  ) ;  * /  
s q  =  f i n d i n d e x (  e x p e c t ,  & e r  ) ;
a d j u s t i  =  k  -  t t a b l e [ i n d ] . a d j  -  t t a b l e [ i n d ] . f i x ;  
o f f s e t  =  a d j u s t i  -  s q ;  
v s q  =  i n d e x v a l u e (  s q  )  ;  
h a l f i  =  - 1 ;
h a l f d  =  (  i n d e x v a l u e ]  s q  -  1  )  +  v s q  )  /  2 . 0 ;
h a l f d 2  =  (  v s q  +  i n d e x v a l u e (  s q  +  1  )  )  /  2 . 0 ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
i f  (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
s q h  =  s q ;  
s q l  =  s q ;
i f (  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 8 )  |  | ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
p r i n t f (  " \ t C o r r e c t i o n  f a i l e d  o n  s e c o n d  p a s s . \ n "  ) ;
d e l e t e  t t a b l e ;  
r e t u r n  0 ;
}
e l s e
{
i f (  h a l f i  <  0  )
{
s q l - - ;
}
e l s e
{




# i f d e f  n o c o m p i l e
m o d 2 (  s q l ,  c o u n t ,  & k ,  & 1  ) ;
s c a n 3  =  a d j u s t i  -  (  s e q [ k ] . i s  +  1  *  t o t a l  ) ;
m o d 2  (  s q h ,  c o u n t ,  & k ,  & 1  )  ;
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s c a n 2  =  a d j u s t i  -  (  s e q [ k ] . i e  +  1  *  t o t a l  ) ;
# e n d i f
s c a n 3  =  a d j u s t i  -  s q l ;  
s c a n 2  =  a d j u s t i  -  s q h ;
i f (  t t a b l e [ i n d ] . l o w  <  s c a n 2  )
{
t t a b l e [ i n d ] . l o w  =  s c a n 2 ;
}
i f (  t t a b l e [ i n d ] . h i g h  >  s c a n 3  )
{
t t a b l e [ i n d ] . h i g h  =  s c a n 3 ;
}
/ *  p r i n t f ( " s c a n :  \ t % d \ t % d \ t % d \ n " , i n d , s c a n 2 , s c a n 3 ) ;  * /
}
}
p r i n t f (  " \ n "  ) ;
s u b s i z e  =  a d d s u b r e d u c e (  t t a b l e ,  l i m i t ,  & l a s t  ) ;
p r i n t f (  " #  P a s s  3  :  "  ) ;  
f f l u s h (  s t d o u t  )  ,- 
p r o g r e s s  =  0 ;
f o r t  i  =  i s t a r t ;  i  <  i e n d ;  i + + ,  p r o g r e s s + +  )
{
i f (  p r o g r e s s  > =  p r o g r e s s l i m  )
{
p r i n t f (  ) ;
f f l u s h (  s t d o u t  ) ;  
p r o g r e s s  =  0 ;
}
v i  =  i n d e x v a l u e (  i  ) ;
f o r (  j  = 1 ;  j  <  j m a x ;  j + +  )
{
k  =  i  +  j  ;
i n d  =  k  -  i  ;
i f (  i n d  > =  l i m i t  )
{
c o n t i n u e ;
}
e x p e c t  =  i n d e x v a l u e (  k  )  -  v i ;
/ *  s q  =  f l o o r (  l o g (  e x p e c t  )  *  l o g 2 m a p  +  0 . 5  ) ;  * /  
s q  =  f i n d i n d e x (  e x p e c t ,  t e r  ) ;
o f f s e t  =  k  -  t t a b l e  [ i n d ]  . a d j  -  s q ;
v s q  =  i n d e x v a l u e (  s q  ) ;
h a l f d  =  (  i n d e x v a l u e (  s q  -  1  )  +  v s q  )  /  2 . 0 ;
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h a l f d 2  =  (  v s q  +  i n d e x v a l u e (  s q  +  1  )  )  /  2  .  0  ;
h a l f  =  f a b s (  ( e x p e c t  -  h a l f d )  /  h a l f d  ) ;  
h a l f 2  =  f a b s (  ( e x p e c t  -  h a l f d 2 )  /  h a l f d 2  ) ;
h a l f i  =  - 1 ;
i f  (  h a l f  >  h a l f 2  )
{
h a l f i  =  1 ;  
h a l f  =  h a l f 2 ;
}
i f (  o f f s e t  )
{
i f (  ( h a l f  > =  l e - 8 )  | |  ( h a l f  <  l e - 8  & &  o f f s e t  ! =  h a l f i )  )
{
p r i n t f (  " \ t V e r i f i c a t i o n  p r o b l e m . \ n "  ) ;
d e l e t e  t t a b l e ;  





p r i n t f (  " \ n "  ) , -
t t a b l e  [ 0 ]  . f i x  =  1 ;  
t t a b l e  [ 0 ]  . a d j  =  e m p t y ;  
s u b s i z e + + ;
s u b l u t  =  a d d s u b r a l u t (  t t a b l e ,  l i m i t ,  s u b s i z e  ) ;  
d e l e t e  t t a b l e ;
i  =  (  i n t  )  c e i l (  l o g (  m o d u (  s u b l u t [ 0 ] . o u t ,  t o t a l  )  )  /  l o g 2  ) ;  
i f (  ! v _ s b d h i g h b i t s l i m i t  }
{
v _ s b d h i g h b i t s l i m i t  =  i ;
}
v _ s u b t a b l e s i z e  =  s u b s i z e ;
/ * -----------------------------------------------------------------------------------------------------------------------------------------* /
c h a r  * f n a m e  =  f i l e n a m e (  " b i n . s u b "  ) ;
/ * ----------------------------------------------------------------------------------------------------------------------------------------- * /
p r i n t f (  " #  r e m o v e  s u b  t a b l e \ n "  ) ;
p r i n t f (  " % s  - f  % s \ n " ,  C 0 M M _ r m ,  f n a m e  ) ;
p r i n t f  (  " #  m a k e  s u b  t a b l e \ n "  ) ;
p r i n t f
(
" % s  % d  % d  % d  % d  < <  E N D S U B  >  % s \ n " ,
C O M M _ t o b i n a r y ,  
v _ s b d h i g h b i t s l i m i t ,
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v _ s b d l o w b i t s ,  
v _ s b d h i g h b i t s l i m i t ,  
v _ s b d l o w b i t s ,  
f n a m e
)  ;
f o r (  j  =  0 ;  j  <  s u b s i z e ;  j + +  )
{
i f f  s u b l u t [ j ] . o u t  = =  e m p t y  )
{
p r i n t f
(
" 0  0 \ t % d  % d \ n " ,
(  i n t  )  ( p o w f  2 ,  v _ s b d h i g h b i t s l i m i t  )  -  1 ) ,  
t o t a l
)  ;
}
e l s e
{
/ *  p r i n t f (  " % d \ t % d \ t "  ,  s u b l u t  [  j  ]  . i n  ,  s u b l u t  [  j  ]  . o u t  ) ;  * /  
p r i n t f  
(
" % d  % d \ t % d  % d \ n " ,  
m o d u (  s u b l u t  [ j ]  . i n ,  t o t a l  ) ,  
m o d f  s u b l u t [ j ] . i n ,  t o t a l  ) ,  
m o d u f  s u b l u t  [ j ]  . o u t ,  t o t a l  ) ,  
m o d f  s u b l u t  [ j ] . o u t ,  t o t a l  )
)  ;
}
p r i n t f (  " E N D S U B \ n "  ) ;  
d e l e t e  f n a m e ;  
r e t u r n  s u b s i z e ;
}
A.2.2 Makefiles
The following section includes the makefile (Unix) and other project files (Windows).
A.2.2.1 Makefile (Solaris/UNIX Makefile)
#  C  f l a g s  f o r  F o r t e  C o m p i l e r  
C C  =  C C
C C C  =  C C  
C X X  =  C C
C X X F L A G S  =  - f a s t  - x 0 5  - x l i b m i l
#  C  f l a g s  f o r  g c c  c o m p i l e r  
# C C  =  g + +
# C C C  =  g + +
# C X X  =  g c c
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C X X F L A G S  =  - g
O B J S =  m a i n . o  m a p _ i n i t . o  m a p _ a d d s u b . o  m a p _ a d d s u b d e v . o  m a p _ f u n c t i o n s . o  
m a p _ r e d u c e . o
a l l  :  a d d s u b r e d u c e
a d d s u b r e d u c e : $ ( O B J S )
$ ( C C )  - o  $ @  $ ( O B J S )  $ ( L D F L A G S )  - l m
m a p _ i n i t . o  m a p _ a d d s u b . o  m a p _ a d d s u b d e v . o  m a p _ f u n c t i o n s . o  m a p _ r e d u c e . o  m a i n . o  : 
m a p .  h
m a p _ i n i t . o  m a p _ a d d s u b . o  m a p _ a d d s u b d e v . o  m a p _ f u n c t i o n s . o  m a p _ r e d u c e . o  : 
m a p _ i n l i n e s . h
m a p _ i n i t . o  m a p _ a d d s u b . o  m a p _ a d d s u b d e v . o  m a p _ r e d u c e . o  :  m a p _ f u n c t i o n s . h  
c l e a n :
r r a  - f  c o r e  a d d s u b r e d u c e  $ ( O B J S )
A.2.2.2 addsubreduce.dsw (Complete Visual C++ Project Workspace)
M i c r o s o f t  D e v e l o p e r  S t u d i o  W o r k s p a c e  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0  
#  W A R N I N G :  D O  N O T  E D I T  O R  D E L E T E  T H I S  W O R K S P A C E  F I L E !
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
P r o j e c t :  " a d d s u b r e d u c e " = " . \ a d d s u b r e d u c e . d s p "  -  P a c k a g e  O w n e r = < 4 >
P a c k a g e = < 5 >
{ { {  
} } }
P a c k a g e = < 4 >
{ { {  
} } }
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
G l o b a l :
P a c k a g e = < 5 >
{ { {  
} } }
P a c k a g e = < 3 >
{ { {
} } }
# # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
A.2.2.3 addsubreduce.dsp (addsubreduce Visual C++ Project File)
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  P r o j e c t  F i l e  -  N a m e = " a d d s u b r e d u c e "  -  P a c k a g e
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O w n e r = < 4 >
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  G e n e r a t e d  B u i l d  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0
#  * *  D O  N O T  E D I T  * *
#  T A R G T Y P E  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  0 x 0 1 0 3  
C F G = a d d s u b r e d u c e  -  W i n 3  2  D e b u g
! M E S S A G E  T h i s  i s  n o t  a  v a l i d  m a k e f i l e .  T o  b u i l d  t h i s  p r o j e c t  u s i n g  N M A K E ,  
! M E S S A G E  u s e  t h e  E x p o r t  M a k e f i l e  c o m m a n d  a n d  r u n  
! M E S S A G E
! M E S S A G E  N M A K E  / f  " a d d s u b r e d u c e . m a k " .
! M E S S A G E
I M E S S A G E  Y o u  c a n  s p e c i f y  a  c o n f i g u r a t i o n  w h e n  r u n n i n g  N M A K E
! M E S S A G E  b y  d e f i n i n g  t h e  m a c r o  C F G  o n  t h e  c o m m a n d  l i n e .  F o r  e x a m p l e :
I M E S S A G E
' M E S S A G E  N M A K E  / f  " a d d s u b r e d u c e . m a k "  C F G = " a d d s u b r e d u c e  -  W i n 3 2  D e b u g "  
I M E S S A G E
I M E S S A G E  P o s s i b l e  c h o i c e s  f o r  c o n f i g u r a t i o n  a r e :
I M E S S A G E
I M E S S A G E  " a d d s u b r e d u c e  -  W i n 3 2  R e l e a s e "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  
A p p l i c a t i o n " )
I M E S S A G E  " a d d s u b r e d u c e  -  W i n 3 2  D e b u g "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  
A p p l i c a t i o n " )
I M E S S A G E
#  B e g i n  P r o j e c t
#  P R O P  A l l o w P e r C o n f i g D e p e n d e n c i e s  0
#  P R O P  S c c _ P r o j N a m e  " "
#  P R O P  S c c _ L o c a l P a t h  " "
C P P = c l . e x e
R S C = r c . e x e
I I F  " $ ( C F G ) "  = =  " a d d s u b r e d u c e  -  W i n 3 2  R e l e a s e "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  B A S E  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / Y X  / F D  / c
#  A D D  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  " _ M B C S "  /  
F D  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " N D E B U G "
#  A D D  R S C  / I  0 x 4  0 9  / d  " N D E B U G "
B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3 2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o  
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b
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o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . l i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
! E L S E I F  " $ ( C F G ) "  = =  ' ' a d d s u b r e d u c e  -  W i n 3 2  D e b u g "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  B A S E  O u t p u t _ D i r  " D e b u g "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " D e b u g "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  O u t p u t _ D i r  " D e b u g "
#  P R O P  I n t e r m e d i a t e _ D i r  " D e b u g "
#  P R O P  I g n o r e _ E x p o r t _ L i b  0
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  
/ D  " _ M B C S "  / Y X  / F D  / G Z  / c
#  A D D  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / G Z  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4 0 9  / d  " _ D E B U G "
#  A D D  R S C  / I  0 x 4  0 9  / d  " _ D E B U G "
B S C 3  2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
! E N D I F
#  B e g i n  T a r g e t
#  N a m e  " a d d s u b r e d u c e  -  W i n 3 2  R e l e a s e "
#  N a m e  " a d d s u b r e d u c e  -  W i n 3 2  D e b u g "
#  B e g i n  G r o u p  " S o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " c p p ; c ; c x x ; r c ; d e f ; r ; o d l ; i d l ; h p j ; b a t "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a i n . c p p
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ a d d s u b . c p p
#  E n d  S o u r c e  F i l e
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#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ a d d s u b d e v . c p p
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ f u n c t i o n s . c p p
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ i n i t . c p p
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ r e d u c e . c p p
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " H e a d e r  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " h ; h p p ; h x x ; h m ; i n i "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ f u n c t i o n s . h
#  E n d  S o u r c e  F i l e
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ m a p _ i n l i n e s . h
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " R e s o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " i c o ; c u r ; b m p ; d i g ; r c 2 ; r e t ; b i n ; r g s ; g i f ; j p g ; j p e g ; j p e "
#  E n d  G r o u p
#  E n d  T a r g e t
#  E n d  P r o j e c t
A.2.3 Sample Output
The following are sample outputs from the “addsubreduce” program. Some of the output 
has been omitted since the software may generate data which will be overwritten by 
newer, more optimized data. Here, to limit the amount of output, the number of retries is 
set to 0 and the smart search mode is on. It is possible that there could be better results if 
these parameters are adjusted.
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A.2.3.1 addsubreduce 3 3 -as 0 -ss -nv -r t 0
#  i n c c o u n t = 3
#  0  8  - 5  1 . 0 5 3 4 9 8  3
#  1  - 1 1  7  1 . 0 6 7 8 7 1  1
# 2  - 3  2  1 . 1 2 5 0 0 0  4
#  d n = 2  0 ,  #  d n = 3  2
#  T r y i n g :  4 6  0 . 0 9 1 7 2 5
#  G o o d n e s s [ 4 6 ] = 1 . 4 6 7 5 9 9
#  S e g m e n t s = 6 . 5 3 0 4 6 6
#  P a s s  1  ( C o m p u t i n g )  :    C o m p l e t e .
#  r e d u c i n g  l i m i t = 3 0 0  l a s t = 2 4 6  r e s u l t = 2 0  @  4 6
#  r e m o v e  a d d  t a b l e  
/ u s r / b i n / r m  - f  b i n . a d d
#  m a k e  a d d  t a b l e
$ t o b i n a r y  3  6  1  6  < <  E N D A D D  >  b i n . a d d
0 0 1 0
0 8 0 4 2
0 1 6 0 3 8
0 2 7 0 3 4
0 3 5 0 3 0
0 4 3 0 2 8
1 5 0 2 4
1 1 6 0 2 1
1 2 4 0 1 9
1 3 5 0 1 7
2 0 0 1 5
2 8 0 1 3
2 1 9 0 1 1
2 3 5 0 9
3 5 0 7
3 1 9 0 6
3 2 7 0 5
4 3 0 4
4 4 1 0 2
5 1 6 0 1
E N D A D D
#  S e g m e n t s = 6 . 5 3 0 4 6 6 ,  i = 5
#  P a s s  1  ( C o m p u t i n g )  :    C o m p l e t e .
#  r e d u c i n g  l i m i t = 3 0 0  l a s t = 2 4 9  r e s u l t = 3 4  @  4 6
#  r e m o v e  s u b  t a b l e  
/ u s r / b i n / r m  - f  b i n . s u b
#  m a k e  s u b  t a b l e
$ t o b i n a r y  3  6  3  6  < <  E N D S U B  >  b i n . s u b
0 0 7 4 6
0 3 4 1 2
0 5 4 1
0 8 3 8
0 1 1 2 3 2
0 1 6 2 1 2
0 1 9 2 0
0 2 2 1 3 6
0 2 7 1 2 7
0 3 0 1 1 8
0 3 5 1 1 4
0 3 8 1 8
0 4 1 1 3
1 0 1 0
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1 3 0 4 3
1 8 0 4 0
1 1 1 0 3 5
1 1 9 0 3 2
1 2 4 0 2 7
1 3 0 0 2 5
1 3 8 0 2 2
1 4 1 0 2 0
2 0 0 1 9
2 8 0 1 6
2 1 9 0 1 4
2 2 7 0 1 3
2 3 5 0 1 1
3 0 0 8
3 1 9 0 6
3 2 4 0 9
3 2 7 0 6
3 3 0 0 5
4 1 1 0 3
5 0 0 2
5 1 9 0 1
E N D S U B
# 4 6 5 5
#  r e m o v e  e x p t o s b d  t a b l e  
/ u s r / b i n / r m  - f  b i n . e x p
#  m a k e  e x p t o s b d  t a b l e
$ t o b i n a r y  - 3  - 4  6  < <  E N D E X P  | / u s r / b i n / s o r t  >  b i n . e x p
- 4 - 7  3 0
- 3 - 5  1 1
- 2 - 4  3 8
- 1 - 2  1 9
0 0  0
1 1  2 7
2 3  8
3 4  3 5
E N D E X P
#  r e m o v e  s b d t o e x p  t a b l e  
/ u s r / b i n / r m  - f  b i n . s b d
#  m a k e  s b d t o e x p  t a b l e
$ t o b i n a r y  6  - 4  - 3  < <  E N D S B D  >  b i n . s b d
0 0  0
5 - 3  2
1 0 5  - 3
1 6 2  - 1
2 4 - 1  1
2 9 7  - 4
3 3 - 4  3
3 7 4  - 2
4 3 1  0
E N D S B D
#  r e m o v e  p a r a m e t e r  f i l e  
/ u s r / b i n / r m  - f  p a r a m s a d d s u b
#  m a k e  p a r a m e t e r  f i l e
/ u s r / b i n / c a t  < <  E N D A S P A R A M  >  p a r a m s a d d s u b  
p a r a m e t e r  f i r s t b a s e b i t s  =  6 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  3 ;  
p a r a m e t e r  t o t a l  =  4 6 ;  
p a r a m e t e r  s b d h i g h b i t s l i m i t  =  3 ;  
p a r a m e t e r  s b d l o w b i t s  =  6 ;
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p a r a m e t e r  e x p f i r s t b a s e b i t s  =  4 ;  
p a r a m e t e r  s b d f i r s t b a s e b i t s  =  4 ;
/ /  p a r a m e t e r  a d d t a b l e s i z e  =  2 0 ;
/ /  p a r a m e t e r  s u b t a b l e s i z e  =  3 5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;
E N D A S P A R A M
#  r e m o v e  s b d t o s a n e s b d  t a b l e  
/ u s r / b i n / r m  - f  b i n . s a n e
#  m a k e  s b d t o s a n e s b d  t a b l e  
$ t o b i n a r y  6  1  6  < <  E N D S A N E  >  b i n . s a n e
0 0 0
5 0 8
1 0 0 1 1
1 6 0 1 9
2 4 0 2 7
2 9 0 3 0
3 3 0 3 5
3 7 0 3 8
4 3
E N D S A N E
1 0
A.2.3.2 addsubreduce 3 6 -bm2 -ss -nv -rt 0 -fp 12
#  i n c c o u n t = 3
# 0 - 8 4 5 3 1 . 0 0 2 0 9 0 1 1
# 1 6 5 - 4 1 1  . 0 1 1 5 2 9 2 3






,  #  d n = 5 1 2
# T r y i n g : 9 4 0  . 0 1 3 5 2 5
# G o o d n e s s  [ 9 4 ]  = 1 3  .  8 4 9 5 3 1
# 4 - 3 8 2 4 5 0  2 4 2 6 7
# 5 2 7 - 1 7 3 9  1 9 2 0 4
# 7 8 - 5 2 4  1 4 1 0 2
# 9 - 1 1 7 2 3  1 1 1 2 2
# 1 6 - 3 2 1 9  6 1 3 1
#  p o i n t s = 6 4 ,  s e g m e n t s = 1 3
#  r e m o v e  r e d u c e d t a b l e c o l s  t a b l e  
/ u s r / b i n / r m  - f  b i n . c o l s
#  m a k e  r e d u c e d t a b l e c o l s  t a b l e
$ t o b i n a r y  1 2  - 5  - 5  1 2  < <  E N D C O L S  >  b i n . c o l s
2 0 4 8 0 0 2 0 4 8
2 3 0 4 - 3 2 1 8 2 0
2 5 9 2 - 6 4 1 6 1 8
2 9 1 6 - 9 6 1 4 3 8
3 2 8 1 - 1 2 8 1 2 7 9
3 6 9 1 - 1 5 1 0 1 1 3 6
E N D C O L S
#  r e m o v e  r e d u c e d t a b l e r o w s  t a b l e  
/ u s r / b i n / r m  - f  b i n . r o w s
#  m a k e  r e d u c e d t a b l e r o w s  t a b l e
$ t o b i n a r y  1 2  - 8  - 7  1 2  < <  E N D R O W S  >  b i n . r o w s
2 0 4 8  0  0  2 0 4 8
2 0 6 0  6 5  - 4 1  2 0 7 2
2 0 7 4  - 1 9  1 2  2 0 7 6
2 0 8 8  4 6  - 2 9  2 1 0 0
2 1 0 2  - 3 8  2 4  2 1 0 4
2 1 1 6  2 7  - 1 7  2 1 2 9
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2 1 4 3 8 - 5 2 1 5 8
2 1 7 2 - 1 1 7 2 1 8 7
2 2 0 0 5 4 - 3 4 2 2 1 2
2 2 1 5 - 3 0 1 9 2 2 1 7
2 2 3 0 3 5 - 2 2 2 2 4 2
2 2 4 5 - 4 9 3 1 2 2 4 7
2 2 6 0 1 6 - 1 0 2 2 7 3
2 2 8 8 - 3 2 2 3 0 4
E N D R O W S
#  r e m o v e  p a r a m e t e r  f i l e  
/ u s r / b i n / r m  - f  p a r a m s b t o m r e d u c e
#  m a k e  p a r a m e t e r  f i l e
/ u s r / b i n / c a t  < <  E N D B T O M R P A R A M  >  p a r a m s b t o m r e d u c e
p a r a m e t e r  f i r s t b a s e c o l b i t s  =  5 ;
p a r a m e t e r  s e c o n d b a s e c o l b i t s  =  5 ;
p a r a m e t e r  f i r s t b a s e r o w b i t s  =  8 ;
p a r a m e t e r  s e c o n d b a s e r o w b i t s  =  7 ;
p a r a m e t e r  f p b i t s  =  1 2 ;
E N D B T O M R P A R A M
A.2.3.3 addsubreduce 3 6 -bm3 -ss -nv -rt 0 -fp 12
# i n c c o u n t = 3
# 0 - 8 4 5 3  1 . 0 0 2 0 9 0 1 1
# 1 6 5 - 4 1  1 . 0 1 1 5 2 9 2 3
# 2 - 1 9 1 2  1 . 0 1 3 6 4 3 3 0
# d n = 4  8 0 ,  #  d n = 5 1 2
# T r y i n g :  9 4 0  . 0 1 3 5 2 5
# G o o d n e s s [ 9 4 ] = 1 3  .  8 4 9 5 3 1
# G o o d 3 S l  =  1 6 S 2 = 7  T o t a l = 1 6 T l  =  6 T 2  =  3 T 3  =  7
# G o o d 3 S l = 2 3 S 2 = 7  T o t a l = 1 6 T l  =  5 T 2 = 4 T 3  =  7
# G o o d  3 S l = 2 5 S 2 = 9  T o t a l = 1 6 T l = 4 T 2 = 3 T 3 = 9
# G o o d 3 S l = 3  0 S 2 = 7  T o t a l = 1 6 T l  =  4 T 2 = 5 T 3 = 7
# G o o d  3 S l  =  3 2 S 2 = 7  T o t a l = 1 5 T l = 3 T 2  =  5 T 3 = 7
# B e s t 3 T o t a l = 1 5  T l = 3  T 2 = 5 T 3 = 7
# r e m o v e  b t o m t a b l e l  t a b l e
/ u s r / b i n / r m  - f  b i n . b t o m t a b l e l  
#  m a k e  b t o m t a b l e l  t a b l e
$ t o b i n a r y  1 2  - 5  - 5  1 2  < <  E N D B T 0 M T 1  >  b i n . b t o m t a b l e l
2 0 4 8  0  0  2 0 4 8
2 5 9 2  - 6  4  1 6 1 8
3 2 8 1  - 1 2  8  1 2 7 9
E N D B T 0 M T 1
#  r e m o v e  b t o m t a b l e 2  t a b l e  
/ u s r / b i n / r m  - f  b i n . b t o m t a b l e 2
#  m a k e  b t o m t a b l e 2  t a b l e
$ t o b i n a r y  1 2  - 7  - 6  1 2  < <  E N D B T O M T 2  >  b i n . b t o m t a b l e 2
2 0 4 8 0 0 2 0 4 8
2 1 5 8 8 - 5 1 9 4 4
2 2 7 3 1 6 - 1 0 1 8 4 5
2 3 9 5 2 4 - 1 5 1 7 5 2
2 5 2 3 3 2 - 2 0 1 6 6 3
E N D B T O M T 2
#  r e m o v e  b t o m t a b l e 3  t a b l e  
/ u s r / b i n / r m  - f  b i n . b t o m t a b l e 3
#  m a k e  b t o m t a b l e 3  t a b l e
$ t o b i n a r y  1 2  - 7  - 7  1 2  < <  E N D B T O M T 3  >  b i n . b t o m t a b l e 3
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2 0 4 8 0 0 2 0 4 8
2 0 6 2 - 1 9 1 2 2 0 7 6
2 0 8 8 4 6 - 2 9 2 1 0 0
2 1 0 2 - 3 8 2 4 2 1 0 4
2 1 1 6 2 7 - 1 7 2 1 2 9
2 1 3 1 - 5 7 3 6 2 1 3 3
2 1 4 5 8 - 5 2 1 5 8
E N D B T O M T 3
#  G o o d 3 : S l = 3 2 S 2  =  7 T o t a l = 1 5
#  B e s t 3 : T o t a l s =  1 5  T 1 = 3  T 2 = 5
A.2.3.4 addsubreduce 3 6  -m b l -ss -nv -r t 0 -fp 12
#  i n c c o u n t = 3
# 0 - 8 4 5 3 1  . 0 0 2 0 9 0 1 1
# 1 6 5 - 4 1 1  . 0 1 1 5 2 9 2 3
# 2 - 1 9 1 2 1  . 0 1 3 6 4 3 3 0
# d n = 4  8 0 ,  #  d n = 5 1 2
# T r y i n g :  9 4 0  . 0 1 3 5 2 5
# G o o d n e s s [ 9 4 ] = 1 3  . 8 4 9 5 3 1
# 4 - 3 8 2 4 2 6 2 4 2 6
# 5 2 7 - 1 7 2 0 1 9 2 0
# 7 8 - 5 1 0 1 4 1 0
#  p o i n t s = 6 4 ,
#
s e g m e n t s = 1 0
- 5d i v i s o r
#  f i r s t i n d e x d e l t a  =  8
#  s e c o n d b a s e b i a s  =  3 2
#  r e m o v e  r e d u c e d  t a b l e  
/ u s r / b i n / r m  - f  b i n . r e d u c e d
#  m a k e  r e d u c e d  t a b l e
#  o r i g i n a l  t a b l e  c o n t e n t s
# r e m a i n d e r q u o t i e n t c o l u m n  r o w
# 0  - 1 2 5 1 - 4 4
# 0  - 3 0 7 2 7
# 1  - 1 2 1 2 9 - 4 5
# 1  - 1 1 0 5 - 3 8
# 2  - 1 2 7 3 - 4 7
# 2  - 6 0 0 0
# 3  - 1 2 1 8 - 4 9
# 3  0 0 4 4 6
# 4  - 1 1 1 0 6 - 4 2
# 4  - 8 0 2 - 1 9
# R A L U T  c o n t e n t s :  f i r s t b i t o f s e c o n d  c o l u m n
# F i r s t  t w o  c o l u m n s  m u s t . b e m e r g e d !  ( u s e  a n  i
# a d d r e s s o u t p u t
# r e m a i n d e r q u o t i e n t q u o t i e n t
$ t o b i n a r y  3  5 - 5  4  4  - 7 < < E N D R E D U C E D  >  b i n . :
0 4 - 1 2 5 1  - 4 4
0 1 3 - 3 0 7  2 7
1 4 - 1 2 1 2 9  - 4 5
1 5 - 1 1 0 5  - 3 8
2 4 - 1 2 7 3  - 4 7
2 1 0 - 6 0 0  0
3 4 - 1 2 1 8  - 4 9
3 1 6 0 0 4  4 6
4 5 - 1 1 1 0 6  - 4 2
4 8 - 8 0 2  - 1 9
f i r s t  i n d e x d a t u m
c o l u m n  r o w f i r s t i n d e x d a t u m
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E N D R E D U C E D
#  r e m o v e  m u l t i t a b l e c o l s  t a b l e  
/ u s r / b i n / r m  - f  b i n . m c o l s
#  m a k e  m u l t i t a b l e c o l s  t a b l e  
$ t o b i n a r y  4  1 2  < <  E N D M C O L S  >  b i n . m c o l s
0 2 0 4 8
1 2 1 5 8
2 2 2 7 3
3 2 3 9 5
4 2 5 2 3
5 2 6 5 8
6 2 8 0 0
7 2 9 5 0
8 3 1 0 7
9 3 2 7 4
1 0 3 4 4 9
1 1 3 6 3 3
1 2 3 8 2 8
1 3 4 0 3 2
E N D M C O L S
#  r e m o v e  m u l t i t a b l e r o w s  t a b l e  
/ u s r / b i n / r m  - f  b i n . m r o w s
#  m a k e  m u l t i t a b l e r o w s  t a b l e  
$ t o b i n a r y  4  1 2  < <  E N D M R O W S  >  b i n . m r o w s
0 2 0 4 8
1 2 0 2 9
2 2 0 5 2
3 2 0 7 6
4 2 1 0 0
5 2 0 8 0
6 2 1 0 4
7 2 1 2 9
8 2 1 0 9
9 2 1 3 3
E N D M R O W S
#  r e m o v e  p a r a m e t e r  f i l e  
/ u s r / b i n / r m  - f  p a r a m s m t o b r e d u c e
#  m a k e  p a r a m e t e r  f i l e
/ u s r / b i n / c a t  < <  E N D M T O B R P A R A M  >  p a r a m s m t o b r e d u c e
p a r a m e t e r  f i r s t b a s e d e l t a  =  8 ;
p a r a m e t e r  d i v i s o r  =  - 5 ;
p a r a m e t e r  s e c o n d b a s e b i a s  =  3 2 ;
p a r a m e t e r  r e m a i n d e r b i t s  =  3 ;
p a r a m e t e r  q u o t i e n t b i t s  =  5 ;
p a r a m e t e r  d a t u m b i t s =  7 ;
p a r a m e t e r  c o l b i t s  =  4 ;
p a r a m e t e r  r o w b i t s  =  4 ;
p a r a m e t e r  f p b i t s  =  1 2 ;
E N D M T O B R P A R A M
A.2.3.5 addsubreduce 3 6 -mb2 -ss -nv -rt 0 -fp 12
#  i n c c o u n t = 3
#  0  - 8 4  5 3  1 . 0 0 2 0 9 0  1 1
#  1  6 5  - 4 1  1 . 0 1 1 5 2 9  2 3
#  2  - 1 9  1 2  1 . 0 1 3 6 4 3  3 0
#  d n = 4 8 0 ,  #  d n =  5 1 2
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#  T r y i n g :  9 4 0  . 0 1 3 5 2 5
#  G o o d n e s s [ 9 4 ] = 1 3 . 8 4 9 5 3 1  
# 1 6  - 3  2  1 3
#  p o i n t s = 6 4 ,  s e g m e n t s = 1 3
#  d i v i s o r  =  2
#  f i r s t i n d e x d e l t a  =  - 3
#  s e c o n d b a s e b i a s  =  3 2
#  r e m o v e  r e d u c e d  t a b l e  
/ u s r / b i n / r m  - f  b i n . r e d u c e d
1 3
# m a k e  :r e d u c e d t a b l e
# o r i g i n a l  1t a b l e  c o n t e n t s
# r e m a i n d e r q u o t i e n t c o l u m n r o w
# 0 0 1 8 5 1
# 0 5 0 1 0 3 5
# 0 1 1 0 1 2 1 6
# 0 1 6 0 0 0
# 0 2 2 0 2 - 1 9
# 0 2 8 0 4 - 3 8
# 1 0 5 1 5 0
# 1 1 0 3 4 6
# 1 7 0 5 2 7
# 1 1 3 0 6 8
# 1 1 9 0 7 - 1 1
# 1 2 5 0 9 - 3 0
# 1 3 1 0 1 1 - 4 9
# R A L U T c o n t e n t s :  f i r s t  b i t o f s e c o n d  c o l u m n
# F i r s t t w o c o l u m n s m u s t  b e m e r g e d !  ( u s e : a n  i
# a d d r e s s o u t p u t
# r e m a i n d e r q u o t i e n t q u o t i e n t
$ t o b i n a r y  2 6  - 6  3  4 - 7  < < E N D R E D U C E D  > b i n . :
0 3 2 0 1 8 5 1
0 3 7 5 0 1 0 3 5
0 4 3 1 1 0 1 2 1 6
0 4 8 1 6 0 0 0
0 5 4 2 2 0 2 - 1 9
0 6 0 2 8 0 4 - 3 8
1 3 2 0 5 1 5 0
1 3 3 1 0 3 4 6
1 3 9 7 0 5 2 7
1 4 5 1 3 0 6 8
1 5 1 1 9 0 7 - 1 1
1 5 7 2 5 0 9 - 3 0
1 6 3 3 1 0 1 1 - 4 9
f i r s t i n d e x d a t u m
c o l u m n  r o w
E N D R E D U C E D
#  r e m o v e  m u l t i t a b l e c o l s  t a b l e  
/ u s r / b i n / r m  - f  b i n . m c o l s
#  m a k e  m u l t i t a b l e c o l s  t a b l e  
$ t o b i n a r y  3  1 2  < <  E N D M C O L S  >  b i n . m c o l s
0  2 0 4 8
1  2 3 0 4
2  2 5 9 2
3  2 9 1 6
4  3 2 8 1
5  3 6 9 1  
E N D M C O L S
#  r e m o v e  m u l t i t a b l e r o w s  t a b l e  
/ u s r / b i n / r m  - f  b i n . m r o w s
#  m a k e  m u l t i t a b l e r o w s  t a b l e  
$ t o b i n a r y  4  1 2  < <  E N D M R O W S  >  b i n . m r o w s
f i r s t i n d e x d a t u m
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0 2 0 4 8
1 2 0 7 2
2 2 0 7 6
3 2 1 0 0
4 2 1 0 4
5 2 1 2 9
6 2 1 5 8
7 2 1 8 7
8 2 2 1 2
9 2 2 1 7
1 0 2 2 4 2
1 1 2 2 4 7
1 2 2 2 7 3
E N D M R O W S
#  r e m o v e  p a r a m e t e r  f i l e  
/ u s r / b i n / r m  - f  p a r a m s m t o b r e d u c e
#  m a k e  p a r a m e t e r  f i l e
/ u s r / b i n / c a t  < <  E N D M T O B R P A R A M  >  p a r a m s m t o b r e d u c e
p a r a m e t e r  f i r s t b a s e d e l t a  =  - 3 ;
p a r a m e t e r  d i v i s o r  =  2 ;
p a r a m e t e r  s e c o n d b a s e b i a s  =  3 2 ;
p a r a m e t e r  r e m a i n d e r b i t s  =  2 ;
p a r a m e t e r  q u o t i e n t b i t s  =  6 ;
p a r a m e t e r  d a t u m b i t s =  7 ;
p a r a m e t e r  c o l b i t s  =  3 ;
p a r a m e t e r  r o w b i t s  =  4 ;
p a r a m e t e r  f p b i t s  =  1 2 ;
E N D M T O B R P A R A M
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A.3 Utility Programs
In order to create and test the data generated from all the previous code, a set o f simple 
tools were developed. These tools are primarily designed to run under UNIX because they 
use only streamed input and output.
A.3.1 Tobinary
The “tobinary” tool is used to convert a stream of ASCII integer data into ASCII binary 
data for use with Verilog. Every argument (integer numbers) passed to “tobinary” is the 
corresponding number of bits to use on the output. If the argument is negative, then two’s 
complement representation is use on the output. See the sample Bourne Shell scripts 
above and in Appendix B for examples.
A.3.1.1 tobinary.c
/ * $ 6
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
* /
# i n c l u d e  < s t d i o . h >  
f t i n c l u d e  < s t d l i b . h >
# i n c l u d e  < s t r i n g . h >
# d e f i n e  b u f f e r s i z e  5 1 2  
/ *
* /
v o i d  b i n o u t (  i n t  v a l u e ,  i n t  s i z e  )
{
/ * ------------------------------------------------ * /
i n t  i  =  v a l u e ;
i n t  j  ;
i n t  k ;
u n s i g n e d  l o n g  m a s k ;  
i n t  s i g n  =  0 ;
/ * ------------------------------------------------ * /
k  =  1  < <  a b s (  s i z e  ) ;
i f ( s i z e  <  0  )
{
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s i g n + + ;
i f (  v a l u e  <  -  ( k  /  2 )  )
{
f p r i n t f
(
s t d e r r ,
" W A R N I N G :  % d  i s  t o o  s m a l l  f o r  % d  b i t s . \ n  
v a l u e ,
- s i z e
) ;
}
i f (  v a l u e  <  0  )
{
i  =  v a l u e  +  k ;
}
i f ( v a l u e  > =  ( k  /  2 )  )
{
f p r i n t f
(
s t d e r r ,
" W A R N I N G :  % d  i s  t o o  b i g  f o r  % d  b i t s . \ n " ,
v a l u e ,




e l s e
{
i f  ( v a l u e  > =  k  )
{
f p r i n t f
(
s t d e r r ,
" W A R N I N G :  % d  i s  t o o  b i g  f o r  % d  b i t s . \ n " ,
v a l u e ,
s i z e
)  ;
}
i f (  v a l u e  <  0  )
{
f p r i n t f (  s t d e r r ,  " W A R N I N G :  % d  i s  n e g a t i v e . \ n
}
}
s i z e  =  a b s (  s i z e  ) ;
m a s k  =  1  < <  ( s i z e  -  1  ) ;
f o r (  j  =  s i z e  -  1 ;  j  > =  0 ;  j - -  )
{
i f (  i  &  m a s k  )
{
p r i n t f (  " 1 "  ) ;
}
e l s e
{
n
" ,  v a l u e  ) ;
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p r i n t f (  " 0 "  ) ;
}





i n t  m a i n (  i n t  a r g c ,  c h a r  * a r g v [ ]  )
{
/ * -------------------------------------------------------------------------------------------------------------------------------- * /
c h a r  b u f f e r [ b u f f e r s i z e ] ;
c h a r  * p ;
u n s i g n e d  l o n g  1 ;  
i n t  i  ;
i n t  j  ;
/ * -------------------------------------------------------------------------------------------------------------------------------- * /
w h i l e (  f g e t s f  b u f f e r ,  b u f f e r s i z e  -  1 ,  s t d i n  
{
p  =  s t r t o k (  b u f f e r ,  " \ t  \ n "  ) ;  
i  =  0 ;  
w h i l e (  p  )
{
1  =  a t o l (  p  ) ;
i f  (  i  +  1  > =  a r g c  )
{
j  =  0 ;
}
e l s e
{
j  =  a t o i (  a r g v [ i  + 1 ]  ) ;
}
i f  (  j  )
{
b i n o u t (  1 ,  j  ) ;
}
e l s e
{
p r i n t f (  " % l d " ,  1  ) ;
}
p  =  s t r t o k (  N U L L ,  " \ t  \ n "  ) ;  
i f  (  p  )
{
p r i n t f (  " \ t "  ) ;
}
i  +  +  ;
}
p r i n t f (  " \ n "  ) ;
}
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r e t u r n  0 ;
}
A.3.2 Verify
The “verify” program is used to verify the output of the converter and addition/subtraction 
Verilog simulations. See Appendix B for details on the specific input which “verify” 
requires. The command syntax is as follows:
v e r i f y  b a s e , f i l e  [ o t h e r s ]
Argument Definition
b a s e , f i l e ASCII base or Optimal base output file
The “other” common command line arguments are:
Other Argument Definition
-cm Process Verilog conversion output
-am Process Verilog addition output
- z Two bit mode (i.e., 0 1  for positive, 1 1  for 
negative, 0  0  for zero)
-n z One bit sign (i.e., 0  for positive, 1  for negative, 
lowest secondbase index for zero)
- e Echo integer output to stdout
-n e Do not echo integer output to stdout (Default)
-b Input is in binary form
-n b  [n] Input is in integer form 
For one bit sign mode ( - n z )  n  is the number of 
bits for the second base index
A.3.2.1 verify.c
/ * $ 6
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
+ + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + + +
* /
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t t i n c l u d e  < s t d i o . h >  
# i n c l u d e  < s t d l i b . h >  
#  i n c l u d e  < m a t h . h >  
# i n c l u d e  < s t r i n g . h >
/ *
* /
i n t  f r o m i n t (  c h a r  * s t r e a m ,  i n t  s t a r t ,  i n t  * e n d ,  i n t  * b i t s  ) 
{
/ * -----------------------------------------* /
i n t  v a l u e  =  0  ;  
i n t  i  =  s t a r t ;  
i n t  j  ;
i n t  s i g n  =  1 ;
/ * -----------------------------------------* /
* b i t s  =  0 ;
w h i l e (  s t r e a m f i ]  = =  '  '  | |  s t r e a m [ i ]  = =  ' \ t '  )
{
i + +  ;
}
i f (  s t r e a m [ i ]  = =  )
{
s i g n  =  - 1 ;  
i + +  ;
}
e l s e
i f (  s t r e a m f i ]  = =  ' + '  )
{
i + + ;
}
w h i l e ]  s t r e a m f i ]  > =  ' 0 '  & &  s t r e a m f i ]  < =  ' 9 '  )
{
v a l u e  =  (  v a l u e  *  1 0  )  +  (  s t r e a m f i ]  -  ' 0 '  ) ;
i + +  ;
* b i t s  =  * b i t s  +  1 ;
}
w h i l e (  s t r e a m f i ]  = =  '  '  | |  s t r e a m f i ]  = =  ' \ t '  )
{
i  +  + ;
}
* e n d  =  i ;
v a l u e  =  s i g n  *  v a l u e ;  
r e t u r n  v a l u e ;
}
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/ *
* /
i n t  t o i n t (  c h a r  ‘ s t r e a m ,  i n t  s t a r t ,  i n t  * e n d ,  i n t  ‘ b i t s  
{
/ * ----------------------------------------- * /
i n t  v a l u e  =  0 ;  
i n t  i  =  s t a r t ;  
i n t  j  ;
/ * ----------------------------------------- * /
‘ b i t s  =  0 ;
w h i l e (  s t r e a m [ i ]  = =  '  '  | |  s t r e a m [ i ]  = =  ' \ t '  )
{
i  +  +  ;
}
w h i l e ( s t r e a m f i ]  = =  ' 1 '  | |  s t r e a m [ i ]  = =  ' O '  )
{
v a l u e  =  (  v a l u e  < <  1  )  +  (  s t r e a m [ i ]  -  ' 0 '  ) ;
i + + ;
‘ b i t s  =  ‘ b i t s  +  1 ;
}
w h i l e (  s t r e a m [ i ]  = =  '  '  | |  s t r e a m f i ]  = =  ' \ t '  )
{
i + + ;
}
*  e n d  =  i ;
i f (  ‘ b i t s  )
{
i f (  v a l u e  > =  ( p o w (  2 ,  ‘ b i t s  -  1  ) )  )
{
v a l u e  =  v a l u e  -  p o w (  2 ,  ‘ b i t s  ) ;
}
}
r e t u r n  v a l u e ;
}
/ *  M a g i c  n u m b e r  f o r  o p t i m a l  b a s e  o u t p u t  * /
# d e f i n e  m a g i c o u t  0 x 4 f 4 2 4 f 3 1
/ *
S w a p  t h e  o r d e r  o f  a  I E E E  d o u b l e
* /
v o i d  s w a p d o u b l e (  d o u b l e  * x  )
{
/ *   * /
d o u b l e  z  =  * x ;
u n s i g n e d  c h a r  * a  =  (  u n s i g n e d  c h a r  *  )  x ;
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u n s i g n e d  c h a r  
/ * ------------------------------------------------
u n s i g n e d  c h a r & z ;  
. _ * /
a  [ 0 ]  
a  [ 1 ]  
a  [ 2 ]  
a  [ 3 ]  
a  [ 4 ]  
a  [ 5 ]  
a  [ 6 ]  
a  [ 7 ]
b [ 7 ]  
b  [ 6 ]  
b  [ 5 ]  
b  [ 4 ]  
b  [ 3 ]  
b  [ 2 ]  
b  [ 1 ]  
b  [ 0 ]
r e t u r n ;
}
/ *
S w a p  t h e  o r d e r  o f  a  3 2  b i t  i n t e g e r
* /
v o i d  s w a p i n t (  u n s i g n e d  l o n g  * x  )
{
/ * ----------------------------------------------------------------------------------------------------------------------------------------------------------------------* /
u n s i g n e d  l o n g  z  =  * x ;
u n s i g n e d  c h a r  * a  =  (  u n s i g n e d  c h a r  *  )  x ;
u n s i g n e d  c h a r  * b  =  (  u n s i g n e d  c h a r  *  )  & z ;
/ * ----------------------------------------------------------------------------------------------------------------------------------------------------------------------* /
a  [ 0 ]  =  b  [ 3 ]  
a  [ 1 ]  =  b  [ 2 ]  
a  [ 2 ]  =  b  [ 1 ]  
a  [ 3 ]  =  b  [ 0 ]
r e t u r n ;
r e a d o u t p u t d a t a  r e a d s  a n  o u t p u t  f i l e  g e n e r a t e  b y  t h e  o p t i m a l  b a s e  
s o f t w a r e  t o  f i n d  t h e  o p t i m a l  b a s e
* /
i n t  r e a d o u t p u t d a t a (  c h a r  * f i l e n a m e ,  d o u b l e  * t h e b a s e  )
{
/ * ---------------------------------------------------------------------------------------* /
i n t  i  ;
i n t  s w a p m o d e ;
d o u b l e  t m p ;
F I L E  * f i n ;
u n s i g n e d  l o n g  m a g i c ;
/ * ---------------------------------------------------------------------------------------* /
/ *  o p e n  t h e  f i l e  * /
f i n  =  f o p e n (  f i l e n a m e ,  " r b "  ) ;
/ *  b a i l  i f  e r r o r  * /  
i f (  ! f i n  )
{
r e t u r n  3 ;
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}
/ *  r e a d  m a g i c  n u m b e r  * /
i f (  f r e a d (  & m a g i c ,  s i z e o f ( m a g i c ) ,  1 ,  f i n  )  ! =  1  )
{
r e t u r n  3 ;
}
/ *  c h e c k  e n d i a n  m o d e  * /  
i f (  m a g i c  = =  m a g i c o u t  )
{
s w a p m o d e  =  0 ;
}
e l s e
{
s w a p i n t (  & m a g i c  ) ;
i f (  m a g i c  = =  m a g i c o u t  )
{
s w a p m o d e  =  1 ;
}
/ *  i f  n o  e n d i a n  o f  m a g i c  n u m b e r  m a t c h e s  b a i l  * /  
e l s e  
{
r e t u r n  3 ;
}
}
/ *  g o  t o  t h e  e n d  * /  
f s e e k (  f i n ,  0 ,  S E E K _ E N D  ) ;
i  =  f t e l l  (  f i n  )  -  s i z e o f ( m a g i c  ) ;
/ *  m a k e  s u r e  t h e  f i l e  i s  v a l i d  * /  
i f (  i  %  s i z e o f ( t m p )  ! =  0  )
{
r e t u r n  2 ;
}
/ *  g o  t o  t h e  b a s e  s e c t i o n  * /
i  =  i  -  s i z e o f (  t m p  )  *  2  +  s i z e o f (  m a g i c  ) ;  
f s e e k (  f i n ,  i ,  S E E K _ S E T  ) ;
/ *  r e a d  i n  a  v a l u e  * /
i f (  f r e a d (  & t m p ,  s i z e o f ( t m p ) ,  1 ,  f i n  )  ! =  1  )
{
f c l o s e (  f i n  ) ;  
r e t u r n  3 ;
}
/ *  s w a p  w o r d s  i n  d o u b l e  i f  n e c e s s a r y  * /  
i f ( s w a p m o d e  )
{
s w a p d o u b l e (  & t m p  ) ;
}
/ *  s e t  t h e  b a s e  * /
* t h e b a s e  =  t m p ;
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/ *  c l o s e  t h e  f i l e  * /  
f c l o s e (  f i n  ) ;
/ *  e x i t  * /  




v o i d  p r i n t u s a g e (  i n t  a r g c ,  c h a r  * a r g v [ ]  )
{
/ *  p r i n t  c o m m a n d  c o d e  a n d  p a s s e d  u s a g e  * /
f p r i n t f (  s t d e r r ,  " U s a g e :  % s  b a s e , f i l e  [ s w i t c h e s ] \ n " ,  a r g v [ 0 ]  ) ;
/ *  p r i n t  g l o b a l  s w i t c h e s  * /
f p r i n t f (  s t d e r r ,  " - c m \ t = \ t c o n v e r s i o n  m o d e  ( d e f a u l t ) \ n "  ) ;  
f p r i n t f (  s t d e r r ,  " - a m \ t = \ t a d d i t i o n  m o d e \ n "  ) ;  
f p r i n t f (  s t d e r r ,  " - e \ t = \ t e c h o  m o d e \ n "  ) ;  
f p r i n t f (  s t d e r r ,  " - n e \ t = \ t n o n - e c h o  m o d e  ( d e f a u l t ) \ n "  )  ;  
f p r i n t f (  s t d e r r ,  " - z \ t = \ t z e r o  b i t  m o d e  ( d e f a u l t ) \ n "  ) ;  
f p r i n t f (  s t d e r r ,  " - n z \ t = \ t n o n - z e r o  b i t  m o d e \ n "  ) ;  
f p r i n t f (  s t d e r r ,  " - b \ t = \ t b i n a r y  i n p u t  m o d e  ( d e f a u l t ) \ n "  ) ;  
f p r i n t f  
(
s t d e r r ,
" - n b  [ b i t s ] \ t = \ t d e c i m a l  i n p u t  m o d e ,  b i t s  f o r  n o n - z e r o  b i t  m o d e \ n "
/ *  e x i t  a b n o r m a l l y  * /  
e x i t ( 1  ) ;






d o u b l e
F I L E
i n t
i n t








c h a r
d o u b l e
d o u b l e
d o u b l e
d o u b l e
d o u b l e
b a s e ;
* i n  =  s t d i n ;  
m a x b u f  =  1 2  8 ;  
m a x d i g i t s  =  1 0 ;  
* b u f  ;  
i  ;
j  ;
b i t s  ;  
c o u n t ;  
v ;
t w o b i t m o d e  =  1 ;  
b i n a r y m o d e  =  1 ;
* f i l e n a m e  =  N U L L ;  
f i n a l ;  
d i g i t ;  
d i f f  ;
t o t a l d i f f  ;  
l a r g e s t ;
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i n t  i t e m s ;
i n t  o n e b i t z e r o ;
d o u b l e  l o g 2 ;
d o u b l e  l o g b a s e ;
i n t  p r o c e s s i n g m o d e  =  0 ;
i n t  e c h o m o d e  =  0 ;
i n t  * v a l u e s ;
i n t  * w i d t h s ;
d o u b l e  * i d i g i t ;
/ *  * /
i f  (  a r g c  <  2  )
{
/ *  b a i l  o u t  t o  u s a g e ,  e x i t s  p r o g r a m  * /  
p r i n t u s a g e (  a r g c ,  a r g v  ) ;
}
/ *  s t a r t  p r o c e s s i n g  t h e  a r g u m e n t s  a t  a r g v  1  * /  
i  =  1 ;
w h i l e ( i  <  a r g c  )
{
/ *  c h e c k  f o r  " z e r o  b i t  m o d e "  * /  
i f (  ! s t r c m p (  a r g v [ i ] ,  ” - z "  )  )
{
/ *  s e t  g l o b a l  v a r i a b l e  * /  
t w o b i t m o d e  =  1 ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  * /  
i + +  ;
}
/ *  c h e c k  f o r  " n o n - z e r o  b i t  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  ” - n z "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /
t w o b i t m o d e  =  0 ;
i + + ;
}
/ *  c h e c k  f o r  " e c h o  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - e "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
e c h o m o d e  =  1 ;  
i + +  ;
}
/ *  c h e c k  f o r  " n o n - e c h o  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - n e "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
e c h o m o d e  =  0 ;  
i + + ;
}
/ *  c h e c k  f o r  " c o n v e r s i o n  m o d e "  * /
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e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - c m "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
p r o c e s s i n g m o d e  =  0 ;
i + + ;
}
/ *  c h e c k  f o r  " a d d i t i o n  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - a m "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
p r o c e s s i n g m o d e  =  1 ;  
i + + ;
}
/ *  c h e c k  f o r  " b i n a r y  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - b "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
b i n a r y m o d e  =  1 ;  
i + +  ;
}
/ *  c h e c k  f o r  " n o  b i n a r y  m o d e "  * /  
e l s e
i f (  ! s t r c m p (  a r g v [ i ] ,  " - n b "  )  )
{
/ *  a g a i n ,  s e t  t h e  g l o b a l  v a r i a b l e  * /  
b i n a r y m o d e  =  0 ;
i + + ;
i f (  ! b i n a r y m o d e  )
{
i f  (  i  > =  a r g c  )
{
p r i n t u s a g e (  a r g c ,  a r g v  )  ;
}
o n e b i t z e r o  =  - p o w (  2 ,  a t o i  (  a r g v [ i j  )  -  1  ) ;  
i  +  + ;
}
}
/ *  n o  o t h e r  a r g u m e n t s  h e r e ,  s t o r e  t h e  f i l e n a m e  * /  
e l s e  
{
i f (  f i l e n a m e  )
{
p r i n t u s a g e  (  a r g c ,  a r g v  )  ;
}
f i l e n a m e  =  a r g v [ i ] ;
/ *  i n c r e m e n t  t h e  p o i n t e r  i n d e x  r e g a r d l e s s  * /  
i + + ;
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}
}
/ *  c h e c k  t o  s e e  i f  b a s e  i s  a  v a l i d  f i l e  * /  
i f (  i  =  r e a d o u t p u t d a t a ( f i l e n a m e ,  & b a s e  )  )
{
/ *  n o t  a  f i l e ,  c o n v e r t  i t  t o  a  f l o a t i n g  p o i n t  v a l u e  * /  
b a s e  =  a t o f (  f i l e n a m e  ) ;
/ *  i f  n o t  o n e  o f  t h o s e ,  e x i t  * /  
i f  (  b a s e  < =  0  )
{
r e t u r n  i ;
}
}
f p r i n t f (  s t d e r r ,  " B a s e :  % 1 5 . 1 5 1 f \ n " ,  b a s e  ) ;
l o g 2  =  l o g ( 2  ) ;  
l o g b a s e  =  l o g (  b a s e  ) ;  
t o t a l d i f f  =  0 ;  
i f (  p r o c e s s i n g m o d e  = =  0  )
{
l a r g e s t  =  0 ;
}
e l s e
i f (  p r o c e s s i n g m o d e  = =  1  )
{
l a r g e s t  =  1 . 0 ;
}
i t e m s  =  0 ;
b u f  =  m a l l o c (  m a x b u f  ) ;
v a l u e s  =  m a l l o c ( s i z e o f ( * v a l u e s )  *  m a x d i g i t s  ) ;
w i d t h s  =  m a l l o c (  s i z e o f ( * w i d t h s )  *  m a x d i g i t s  ) ;
i d i g i t  =  m a l l o c (  s i z e o f ( * i d i g i t )  *  m a x d i g i t s  ) ;
w h i l e (  f e o f (  i n  )  = =  0  )
{
i f (  f g e t s (  b u f ,  m a x b u f ,  i n  )  )
{
i  =  0 ;  
c o u n t  =  0 ; 
b i t s  =  1 ;  
w h i l e (  b i t s  )
{
i f (  b i n a r y m o d e  )
{
v  =  t o i n t (  b u f ,  i ,  & i ,  & b i t s  ) ;
}
e l s e
{
v  =  f r o m i n t (  b u f ,  i ,  & i ,  & b i t s  ) ;
}
i f (  b i t s  )
{
v a l u e s [ c o u n t ]  =  v ;
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w i d t h s [ c o u n t ]  =  b i t s ;  
c o u n t + + ;
}
}
i f (  ! c o u n t  )
{
c o n t i n u e ;
}
i f f  e c h o m o d e  )
{
f o r (  i  =  0 ;  i  <  c o u n t ;  i + +  )
{
i f f  i  )
{
p r i n t f (  " \ t "  ) ;
}
p r i n t f (  " % d " ,  v a l u e s [ i ]  ) ;
}
p r i n t f (  " \ n "  ) ;
}
i f  (  p r o c e s s i n g m o d e  = =  0  )
{
i f f  c o u n t  <  2  | |  ( c o u n t  -  1 )  %  3  ! =  0  )
{
r e t u r n  1 ;
}
i f (  b i n a r y m o d e  )
{
o n e b i t z e r o  =  - p o w f  2 ,  w i d t h s [ 3 ]  -  1  ) ;
}
f i n a l  =  0 ;
f o r (  i  =  1 ;  i  <  c o u n t ;  i  =  i  +  3  )
{
i f (  t w o b i t m o d e  )
{
d i g i t  =  v a l u e s [ i ]  *  e x p  
(
v a l u e s  [ i  +  1 ]  *  
l o g 2  +
v a l u e s  [ i  +  2 ]  *  
l o g b a s e
)  ;
}
e l s e
{
i f f  v a l u e s [ i  +  2 ]  = =  o n e b i t z e r o  )
{
d i g i t  =  0 ;
}
e l s e
{
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i f (  v a l u e s [ i ]  )
{
d i g i t  =  - e x p  
(
v a l u e s [ i  +  1 ]  *  
l o g 2  +
v a l u e s [ i  +  2 ]  *  
l o g b a s e
)  ;
}
e l s e
{
d i g i t  =  e x p  
(
v a l u e s [ i  +  1 ]  *  
l o g 2  +
v a l u e s [ i  +  2 ]  *  





f i n a l  =  f i n a l  +  d i g i t ;
}
d i f f  =  f a b s (  v a l u e s [ 0 ]  -  f i n a l  ) ;
i f (  d i f f  >  l a r g e s t  )
{
f p r i n t f
(
s t d e r r ,
" % d \ t % l f \ t % l f \ n " ,  
v a l u e s  [ 0 ] ,  
f i n a l ,  
d i f f
)  ;
l a r g e s t  =  d i f f ;
}
t o t a l d i f f  =  t o t a l d i f f  +  d i f f ;
}
e l s e
i f  (  p r o c e s s i n g m o d e  = =  1  )
{
i f (  c o u n t  1 = 9  )
{
r e t u r n  1 ;
}
i f (  b i n a r y m o d e  )
{
o n e b i t z e r o  =  - p o w (  2 ,  w i d t h s [ 2 ]  -  1  ) ;
}
f i n a l  =  0 ;
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f o r (  i  =  0 ;  i  <  9 ;  i = i + 3  )
{
i f (  t w o b i t m o d e  )
{
d i g i t  =  v a l u e s [ i ]  *  e x p  
(
v a l u e s [ i  +  1 ]  *  
l o g 2  +
v a l u e s [ i  +  2 ]  *  
l o g b a s e
) ;
}
e l s e
{
i f ( v a l u e s [ i  +  2 ]  = =  o n e b i t z e r o  )
{
d i g i t  =  0 ;
}
e l s e
{
i f (  v a l u e s [ i ]  )
{
d i g i t  =  - e x p  
(
v a l u e s [ i  +  1 ]  *  
l o g 2  +
v a l u e s [ i  +  2 ]  *  
l o g b a s e
) ;
}
e l s e
{
d i g i t  =  e x p  
(
v a l u e s [ i  +  1 ]  *  
l o g 2  +
v a l u e s [ i  +  2]  * 





i d i g i t [ j ]  =  d i g i t ;
i f  (  j  <  2  )
{
f i n a l  =  f i n a l  +  d i g i t ;
}
e l s e
{
i f (  f i n a l  ! =  0  )
{
d i f f  =  d i g i t  /  f i n a l ;
i f (  d i f f  <  1  )
{
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d i f f  =  1 . 0  /  d i f f ;
}
}
e l s e
{
d i f f  =  1 . 0 ;
}
}
: + + ;
}
i f (  d i f f  >  l a r g e s t  )
{
f o r (  j  =  0 ;  j  <  3 ;  j + +  )
{
f p r i n t f
(
s t d e r r ,
" % l f  ( % d  % d  % d ) \ t " ,  
i d i g i t [ j ] ,  
v a l u e s  [ j  *  3 ] ,  
v a l u e s [ j  *  3  +  1 ] ,  
v a l u e s [ j  *  3  +  2 ]
) ;
}
f p r i n t f (  s t d e r r ,  " % l f \ t % l f \ n " ,  f i n a l ,  d i f f  ) ;  
l a r g e s t  =  d i f f ;
}
t o t a l d i f f  =  t o t a l d i f f  +  d i f f ;
i t e m s + + ;
i f (  i t e m s  )
{
f p r i n t f (  s t d e r r ,  " W o r s t  E r r o r  :  % l f \ n " ,  l a r g e s t  ) ;
f p r i n t f (  s t d e r r ,  " T o t a l  E r r o r  :  % l f \ n " ,  t o t a l d i f f  ) ;
f p r i n t f  
(
s t d e r r ,
" A v e r a g e  E r r o r :  % l f \ n " ,
(  d o u b l e  )  ( t o t a l d i f f  /  i t e m s )
) ;
f p r i n t f ( s t d e r r ,  " I t e m s  : % d \ n " , i t e m s  ) ;
r e t u r n  0 ;
}
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A.3.3 Makefiles
The following section includes the makefile (Unix) and other project files (Windows).
A.3.3.1 Makefile (Solaris/UNIX Makefile)
#  S o l a r i s  M a k e f i l e  f o r  u t i l i t y  t o o l s
#  F o r  h i g h  s p e e d ,  o p e r a t i o n  u s i n g  t h e  F o r t e  c o m p i l e r  
C C  =  c c  - x C C  - f a s t  - x 0 5
#  F o r  d e b u g g i n g  w i t h  g c c  
# C C  =  g c c  - g
#  F o r  b e t t e r  m a t h  p e r f o r m a n c e  u s e  t h i s  l i n k  w i t h  F o r t e
#  T h e  p a t h  m a y  h a v e  t o  b e  c h a n g e d
L I N K F  =  - L / C M C / v l s i / w o r k s h o p / S U N W s p r o / S C 5 . 0 / l i b  - l m o p t  - l m  - l c o p t
a l l  :  t o b i n a r y  v e r i f y
t o b i n a r y :  t o b i n a r y . o
$ ( C C )  - o  $ @  t o b i n a r y . o  $ ( L D F L A G S )  $ ( L I N K F )
v e r i f y :  v e r i f y . o
$ ( C C )  - o  $ @  v e r i f y . o  $ ( L D F L A G S )  $ ( L I N K F )
c l e a n :
r m  - f  c o r e  t o b i n a r y  v e r i f y  t o b i n a r y . o  v e r i f y . o
A.3.3.2 utilities.dsw (Complete Visual C++ Project Workspace)
M i c r o s o f t  D e v e l o p e r  S t u d i o  W o r k s p a c e  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0  
#  W A R N I N G :  D O  N O T  E D I T  O R  D E L E T E  T H I S  W O R K S P A C E  F I L E !
# ## # # ## # # ## # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
P r o j e c t :  " t o b i n a r y " = " . \ t o b i n a r y . d s p "  -  P a c k a g e  O w n e r = < 4 >
P a c k a g e = < 5 >
{ { {  
} } }
P a c k a g e = < 4 >
{ { {
} } }
# ## # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
P r o j e c t :  " v e r i f y " = " . \ v e r i f y . d s p "  -  P a c k a g e  O w n e r = < 4 >
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P a c k a g e = < 4 >
{ { {  
} } }
## ## # ## # # # ## # # ## # # ## # # ## # # # ## # # ## # # ## # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #
G l o b a l :
P a c k a g e = < 5 >
{ { {  
} } }
P a c k a g e = < 3 >
{ { {  
}}}
# ## # # ## # # ## # # ## # # ## ## # ## # # ## # # ## # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
A.3.3.3 tobinary.dsp (tobinary Visual C++ Project File)
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  P r o j e c t  F i l e  -  N a m e = " t o b i n a r y "  -  P a c k a g e  O w n e r = < 4 >
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  G e n e r a t e d  B u i l d  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0
#  * *  D O  N O T  E D I T  * *
#  T A R G T Y P E  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  0 x 0 1 0 3  
C F G = t o b i n a r y  -  W i n 3  2  D e b u g
I M E S S A G E  T h i s  i s  n o t  a  v a l i d  m a k e f i l e .  T o  b u i l d  t h i s  p r o j e c t  u s i n g  N M A K E ,
I M E S S A G E  u s e  t h e  E x p o r t  M a k e f i l e  c o m m a n d  a n d  r u n
I M E S S A G E
I M E S S A G E  N M A K E  / f  " t o b i n a r y . m a k " .
I M E S S A G E
I M E S S A G E  Y o u  c a n  s p e c i f y  a  c o n f i g u r a t i o n  w h e n  r u n n i n g  N M A K E  
I M E S S A G E  b y  d e f i n i n g  t h e  m a c r o  C F G  o n  t h e  c o m m a n d  l i n e .  F o r  e x a m p l e :
I M E S S A G E
I M E S S A G E  N M A K E  / f  " t o b i n a r y . m a k "  C F G = " t o b i n a r y  -  W i n 3  2  D e b u g "
I M E S S A G E
I M E S S A G E  P o s s i b l e  c h o i c e s  f o r  c o n f i g u r a t i o n  a r e :
I M E S S A G E
I M E S S A G E  " t o b i n a r y  -  W i n 3 2  R e l e a s e "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )  
I M E S S A G E  " t o b i n a r y  -  W i n 3 2  D e b u g "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )  
I M E S S A G E
#  B e g i n  P r o j e c t
#  P R O P  A l l o w P e r C o n f i g D e p e n d e n c i e s  0
#  P R O P  S c c _ P r o j N a m e  " "
#  P R O P  S c c _ L o c a l P a t h  " "
C P P = c l . e x e
R S C = r c . e x e
I I F  " $ ( C F G ) "  = =  " t o b i n a r y  -  W i n 3 2  R e l e a s e "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  B A S E  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  B A S E  I n t e r m e d i a t e  D i r  " R e l e a s e "
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#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  O u t p u t _ D i r  " R e l e a s e ”
#  P R O P  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / Y X  / F D  / c
#  A D D  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3  2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  " _ M B C S "  /  
F o " t o b i n a r y  W i n 3 2 _ R e l e a s e / "  / F d " t o b i n a r y  W i n 3 2 _ R e l e a s e / "  / F D  / c
#  A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " N D E B U G "
#  A D D  R S C  / I  0 x 4 0  9  / d  " N D E B U G "
B S C 3 2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o  / o " t o b i n a r y  W i n 3 2 _ R e l e a s e / t o b i n a r y . b s c "
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3  8 6
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / p d b : n o n e  / m a c h i n e : 1 3 8 6  /
o u t : " t o b i n a r y _______ W i n 3 2 _ R e l e a s e / t o b i n a r y . e x e "
! E L S E I F  " $ ( C F G ) " = =  " t o b i n a r y  -  W i n 3 2  D e b u g "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  B A S E  O u t p u t _ D i r  " t o b i n a r y ______ W i n 3  2 _ D e b u g "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " t o b i n a r y  W i n 3 2 _ D e b u g "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  O u t p u t _ D i r  " t o b i n a r y ________W i n 3  2 _ D e b u g "
#  P R O P  I n t e r m e d i a t e _ D i r  " t o b i n a r y  W i n 3 2 _ D e b u g "
#  P R O P  I g n o r e _ E x p o r t _ L i b  0
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3  2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  
/ D  " _ M B C S "  / Y X  / F D  / G Z  / c
#  A D D  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / G Z  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " _ D E B U G "
#  A D D  R S C  / I  0 x 4 0 9  / d  " _ D E B U G "
B S C 3 2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3  2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b
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o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / p d b : n o n e  / d e b u g  / m a c h i n e : 1 3 8 6
!  E N D I F
#  B e g i n  T a r g e t
#  N a m e  " t o b i n a r y  -  W i n 3  2  R e l e a s e "
#  N a m e  " t o b i n a r y  -  W i n 3  2  D e b u g "
#  B e g i n  G r o u p  " S o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " c p p ; c ; c x x ; r c ; d e f ; r ; o d l ; i d l ; h p j ; b a t "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ t o b i n a r y . c
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " H e a d e r  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " h ; h p p ; h x x ; h m ; i n i "
#  E n d  G r o u p
#  B e g i n  G r o u p  " R e s o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " i c o ; c u r  , - b m p ; d i g ; r c 2 ;  r e t  ; b i n ;  r g s ; g i f ;  j p g ;  j p e g ;  j p e "
#  E n d  G r o u p
#  E n d  T a r g e t
#  E n d  P r o j e c t
A.3.3.4 verify.dsp (verify Visual C++ Project File)
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  P r o j e c t  F i l e  -  N a m e = " v e r i f y "  -  P a c k a g e  0 w n e r = < 4 >
#  M i c r o s o f t  D e v e l o p e r  S t u d i o  G e n e r a t e d  B u i l d  F i l e ,  F o r m a t  V e r s i o n  6 . 0 0
#  * *  D O  N O T  E D I T  * *
#  T A R G T Y P E  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n "  0 x 0 1 0 3  
C F G = v e r i f y  -  W i n 3 2  D e b u g
I M E S S A G E  T h i s  i s  n o t  a  v a l i d  m a k e f i l e .  T o  b u i l d  t h i s  p r o j e c t  u s i n g  N M A K E ,
I M E S S A G E  u s e  t h e  E x p o r t  M a k e f i l e  c o m m a n d  a n d  r u n
I M E S S A G E
' M E S S A G E  N M A K E  / f  " v e r i f y . m a k " .
I M E S S A G E
I M E S S A G E  Y o u  c a n  s p e c i f y  a  c o n f i g u r a t i o n  w h e n  r u n n i n g  N M A K E  
I M E S S A G E  b y  d e f i n i n g  t h e  m a c r o  C F G  o n  t h e  c o m m a n d  l i n e .  F o r  e x a m p l e :
I M E S S A G E
I M E S S A G E  N M A K E  / f  " v e r i f y . m a k "  C F G = " v e r i f y  -  W i n 3 2  D e b u g "
I M E S S A G E
I M E S S A G E  P o s s i b l e  c h o i c e s  f o r  c o n f i g u r a t i o n  a r e :
I M E S S A G E
I M E S S A G E  " v e r i f y  -  W i n 3 2  R e l e a s e "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " '  
I M E S S A G E  " v e r i f y  -  W i n 3 2  D e b u g "  ( b a s e d  o n  " W i n 3 2  ( x 8 6 )  C o n s o l e  A p p l i c a t i o n " )  
I M E S S A G E
#  B e g i n  P r o j e c t
#  P R O P  A l l o w P e r C o n f i g D e p e n d e n c i e s  0
#  P R O P  S c c _ P r o j N a m e  " "
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#  P R O P  S c c _ L o c a l P a t h  " "
C P P = c l . e x e
R S C = r c . e x e
! I F  " $ ( C F G ) "  = =  " v e r i f y  -  W i n 3 2  R e l e a s e "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  B A S E  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  0
#  P R O P  O u t p u t _ D i r  " R e l e a s e "
#  P R O P  I n t e r m e d i a t e _ D i r  " R e l e a s e "
#  P R O P  l g n o r e _ E x p o r t _ L i b  0
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / Y X  / F D  / c
#  A D D  C P P  / n o l o g o  / W 3  / G X  / 0 2  / D  " W I N 3 2 "  / D  " N D E B U G "  / D  " _ C O N S O L E "  / D  " _ M B C S "  /  
F o " v e r i f y  W i n 3 2 _ R e l e a s e / "  / F d " v e r i f y  W i n 3 2 _ R e l e a s e / "  / F D  / c
#  A D D  B A S E  R S C  / I  0 x 4  0 9  / d  " N D E B U G "
#  A D D  R S C  / I  0 x 4  0  9  / d  " N D E B U G "
B S C 3 2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3 2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o  / o " v e r i f y  W i n 3 2 _ R e l e a s e / v e r i f y . b s c "
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / m a c h i n e : 1 3 8 6
#  A D D  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . l i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / p d b : n o n e  / m a c h i n e : 1 3 8 6  /
o u t : " v e r i f y  W i n 3 2 _ R e l e a s e / v e r i f y . e x e "
! E L S E I F  " $ ( C F G ) "  = =  " v e r i f y  -  W i n 3 2  D e b u g "
#  P R O P  B A S E  U s e _ M F C  0
#  P R O P  B A S E  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  B A S E  O u t p u t _ D i r  " v e r i f y _ _  W i n 3 2 _ D e b u g "
#  P R O P  B A S E  I n t e r m e d i a t e _ D i r  " v e r i f y _________ W i n 3 2 _ D e b u g "
#  P R O P  B A S E  T a r g e t _ D i r  " "
#  P R O P  U s e _ M F C  0
#  P R O P  U s e _ D e b u g _ L i b r a r i e s  1
#  P R O P  O u t p u t _ D i r  " v e r i f y  W i n 3 2 _ D e b u g "
#  P R O P  I n t e r m e d i a t e _ D i r  " v e r i f y ____ W i n 3  2 _ D e b u g "
#  P R O P  I g n o r e _ E x p o r t _ L i b  0
#  P R O P  T a r g e t _ D i r  " "
#  A D D  B A S E  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  
/ D  " _ M B C S "  / Y X  / F D  / G Z  / c
#  A D D  C P P  / n o l o g o  / W 3  / G m  / G X  / Z I  / O d  / D  " W I N 3 2 "  / D  " _ D E B U G "  / D  " _ C O N S O L E "  / D  
" _ M B C S "  / F D  / G Z  / c
#  S U B T R A C T  C P P  / Y X
#  A D D  B A S E  R S C  / I  0 x 4 0 9  / d  " _ D E B U G "
#  A D D  R S C  / I  0 x 4 0  9  / d  " _ D E B U G "
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B S C 3 2 = b s c m a k e . e x e
#  A D D  B A S E  B S C 3 2  / n o l o g o
#  A D D  B S C 3 2  / n o l o g o
L I N K 3 2 = l i n k . e x e
#  A D D  B A S E  L I N K 3 2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o r a d l g 3 2 . l i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / d e b u g  / m a c h i n e : 1 3 8 6  / p d b t y p e : s e p t
#  A D D  L I N K 3  2  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  k e r n e l 3 2 . 1 i b  u s e r 3 2 . 1 i b  g d i 3 2 . 1 i b  w i n s p o o l . l i b  c o m d l g 3 2 . 1 i b  
a d v a p i 3 2 . 1 i b  s h e l l 3 2 . 1 i b  o l e 3 2 . 1 i b  o l e a u t 3 2 . 1 i b  u u i d . l i b  o d b c 3 2 . 1 i b  
o d b c c p 3 2 . 1 i b  / n o l o g o  / s u b s y s t e m : c o n s o l e  / p d b : n o n e  / d e b u g  / m a c h i n e : 1 3  8 6
! E N D I F
#  B e g i n  T a r g e t
#  N a m e  " v e r i f y  -  W i n 3 2  R e l e a s e "
#  N a m e  " v e r i f y  -  W i n 3 2  D e b u g "
#  B e g i n  G r o u p  " S o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " c p p ; c ; c x x ; r c ; d e f ; r ; o d l ; i d l ; h p j ; b a t "
#  B e g i n  S o u r c e  F i l e
S O U R C E = . \ v e r i f y . c
#  E n d  S o u r c e  F i l e
#  E n d  G r o u p
#  B e g i n  G r o u p  " H e a d e r  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " h ; h p p ; h x x ; h m ; i n i "
#  E n d  G r o u p
#  B e g i n  G r o u p  " R e s o u r c e  F i l e s "
#  P R O P  D e f a u l t _ F i l t e r  " i c o ; c u r ; b m p ; d l g ; r c 2 ; r e t ; b i n ; r g s ; g i f ; j p g ; j p e g ; j p e "
#  E n d  G r o u p
#  E n d  T a r g e t
#  E n d  P r o j e c t
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A.4 Filter Example
Due to the large number of calculations involved in performing optimal base analysis, the 
step-by-step example in Section 5.3.7, “FIR Filter Example,” on page 102 showed only 
the graphical results. The following MATLAB code performs all the fdter calculations and 
plots all the figures which were shown. It requires the user to manually execute the 
optimal base tools (see A .l "Optimal Base Tools" on page 156); these calculations can 
take some time.
f u n c t i o n  f i l t e r e x a m p l e ( )
%  C l o s e  a l l  f i g u r e s
c l o s e  a l l ;  
c l c  ;
%  T h e  p a s s  b a n d  r i p p l e  i n  d B  
p a s s  =  0 . 4 ;
%  T h e  s t o p  b a n d  a t t e n u a t i o n  i n  d B  
s t o p  =  0 . 6 ;
%  F i l t e r  o r d e r  
o r d e r  =  5 2 ;
%  N u m b e r  o f  p o i n t s  t o  c a l c u l a t e d  
n p  =  8 1 9 2 ;
%  C r e a t e  a  f l o a t i n g  p o i n t  f i l t e r
c o e f s  =  r e m e z (  o r d e r ,  [  0  p a s s  s t o p  1  ] ,  [ 1 1 0  0 ]  ) ;
%  W r i t e  t h e  c o e f f i c i e n t s  t o  f i l e  f o r  t h e  o p t i m i z e r
w r i t e o p t i m a l (  c o e f s ,  ' f i l t e r e x . i n '  ) ;
%  T e l l  t h e  u s e r  w h a t  t o  d o  n e x t
d i s p ( ' R u n  t h e  f o l l o w i n g  c o m m a n d s : ' ) ;  
d i s p  ( '  '  )  ;
d i s p ( ' o p t b a s e  6 4  f i l t e r e x . i n  f i l t e r e x o 7 . o u t  - s b ' ) ;  
d i s p ( ' o p t b a s e  1 2 8  f i l t e r e x . i n  f i l t e r e x o 8 . o u t  - s b ' ) ;  
d i s p ( ' o p t b a s e  2 5 6  f i l t e r e x . i n  f i l t e r e x o 9 . o u t  - s b ' ) ;
d i s p ( ' a n y b a s e  6 4  f i l t e r e x . i n  3  f i l t e r e x 3 7 . o u t  - s b ' ) ;  
d i s p ( ' a n y b a s e  1 2 8  f i l t e r e x . i n  3  f i l t e r e x 3 8 . o u t  - s b ' ) ;
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d i s p ( ' a n y b a s e  2 5 6  f i l t e r e x . i n  3  f i l t e r e x 3 9 . o u t  - s b ' ) ;
d i s p ( ' o p t b a s e  2  f i l t e r e x . i n  f i l t e r e x o 2 . o u t  - m b  2  6 ' ) ;  
d i s p ( ' o p t b a s e  4  f i l t e r e x . i n  f i l t e r e x o 3 . o u t  - m b  2  6 ' ) ;  
d i s p ( ' o p t b a s e  8  f i l t e r e x . i n  f i l t e r e x o 4 . o u t  - m b  2  6 ' ) ;
d i s p ( ' a n y b a s e  2  f i l t e r e x . i n  3  f i l t e r e x 3 2 . o u t  - m b  2  6 ' [  
d i s p ( ' a n y b a s e  4  f i l t e r e x . i n  3  f i l t e r e x 3 3 . o u t  - m b  2  S' ]  
d i s p ( ' a n y b a s e  8  f i l t e r e x . i n  3  f i l t e r e x 3 4 . o u t  - m b  2  6'
d i s p ( '  ' )  ;
d i s p (  ' P r e s s  a  k e y  w h e n  d o n e  o p t i m i z i n g . . . '  ) ;
%  W a i t  f o r  i n p u t  
p a u s e ;
%  P l o t  t h e  f i g u r e s  ( s i n g l e  d i g i t )
p l o t f i g u r e s (  p a s s ,  s t o p ,  n p ,  ' ( s i n g l e - d i g i t  7  b i t s ) ' ,  c o e f s ,  ' f i l t e r e x 3 7 . o u t ' ,  
' f i l t e r e x o 7 . o u t ' ,  ' 1 7 '  )
p l o t f i g u r e s (  p a s s ,  s t o p ,  n p ,  ' ( s i n g l e - d i g i t  8  b i t s ) ' ,  c o e f s ,  ' f i l t e r e x 3  8 . o u t ' ,  
' f i l t e r e x o S . o u t ' ,  ' 1 8 '  )
p l o t f i g u r e s ( p a s s ,  s t o p ,  n p ,  ' ( s i n g l e - d i g i t  9  b i t s ) ' ,  c o e f s ,  ' f i l t e r e x 3 9 . o u t ' ,
' f i l t e r e x o 9 . o u t ' ,  ' 1 9 '  )
%  P l o t  t h e  f i g u r e s  ( t w o  d i g i t s )
p l o t f i g u r e s (  p a s s ,  s t o p ,  n p ,  ' ( t w o - d i g i t  2  b i t s ) ' ,  c o e f s ,  ' f i l t e r e x 3 2 . o u t ' ,  
’ f i l t e r e x o 2 . o u t ' ,  ' 2 2 '  )
p l o t f i g u r e s (  p a s s ,  s t o p ,  n p ,  ' ( t w o - d i g i t  3  b i t s ) ' ,  c o e f s ,  ' f i l t e r e x 3 3 . o u t ' ,  
' f i l t e r e x o 3 . o u t ' ,  ' 2 3 '  )
p l o t f i g u r e s (  p a s s ,  s t o p ,  n p ,  ' ( t w o - d i g i t  4  b i t s ) ' ,  c o e f s ,  ' f i l t e r e x 3  4 . o u t ' ,  
' f i l t e r e x o 4 . o u t ' ,  ' 2 4 '  )
%  F u n c t i o n  t o  p l o t  t h r e e  f i g u r e s :  i d e a l ,  s t a n d a r d  a n d  o p t i m a l
f u n c t i o n  p l o t f i g u r e s (  p a s s ,  s t o p ,  n p ,  e x t r a ,  c o e f s ,  s t a n d a r d f n a m e ,  o p t i m a l f n a m e ,  
p n a m e  )
%  C r e a t e  a  n e w  f i g u r e
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  [  1 . 2 5 ,  3 . 5 ,  6 . 0 ,  4 . 0  ]  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e
a x i s ( [  0  1  - 1 5 0  5  ]  ) ;
b o x  o n ;
t i t l e (  s p r i n t f (  ' M a g n i t u d e  R e s p o n s e  o f  5 3  T a p  F i l t e r  % s ' ,  e x t r a  )  ) ;
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y l a b e l  (  ' M a g n i t u d e  ( d B )  '  ) ;
x l a b e l  (  ' N o r m a l i z e d  F r e q u e n c y  ( \ t i m e s \ p i  r a d / s a m p l e ) '  ) ;
%  K e e p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o n ;
%  C o m p u t e  f i l t e r  r e s p o n s e s  
%  I d e a l
[  H ,  F  ]  =  f r e q z (  c o e f s ,  1 ,  n p  ) ;  
p l o t (  F / p i  ,  2 0  *  l o g l O  (  a b s (  H  )  ) ,  ' r '  ) ;
[  p a s s f ,  s t o p f  ] = r e s p o n s e m a x m i n (  H ,  F ,  0 ,  p a s s  *  p i ,  s t o p  *  p i ,  p i  ) ;
%  S t a n d a r d  B a s e  3
[  c o e f s 3 ,  b 3 ,  e 3  ]  =  r e a d o p t i m a l ( c o e f s ,  s t a n d a r d f n a m e  ) ;
[  H ,  F  ]  =  f r e q z (  c o e f s 3 ,  1 ,  n p  ) ;
p l o t (  F / p i  ,  2 0  *  l o g l O (  a b s (  H  )  ) ,  ' g '  ) ;
[  p a s s 3 ,  s t o p 3  ] = r e s p o n s e m a x m i n (  H ,  F ,  0 ,  p a s s  *  p i ,  s t o p  *  p i ,  p i  ) ;
%  O p t i m a l  B a s e
[  c o e f s o ,  b o ,  e o  ]  =  r e a d o p t i m a l (  c o e f s ,  o p t i m a l f n a m e  ) ;
[  H ,  F  ]  =  f r e q z (  c o e f s o ,  1 ,  n p  ) ;
p l o t (  F / p i  ,  2 0  *  l o g l O (  a b s ( H  )  ) ,  ' b '  )  ,-
[  p a s s o ,  s t o p o  ] = r e s p o n s e m a x m i n (  H ,  F ,  0 ,  p a s s  *  p i ,  s t o p  *  p i ,  p i  ) ;
l e g e n d (  s p r i n t f (  ' I d e a l  ( % . 3 f d B ) ' ,  s t o p f  ) ,  s p r i n t f (  ' % l . l f  ( % . 3 f d B ) ' ,  b 3 ,  s t o p 3  
) ,  s p r i n t f ( ' % 1 . 8 f  ( % . 3 f d B ) ' ,  b o ,  s t o p o  ) ,  3 ) ;
%  S t o p  p l o t t i n g  o n  t h e  s a m e  f i g u r e
h o l d  o f f ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;
z o o m  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t f  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  s p r i n t f (  ' % s . a i ' ,  p n a m e  )  ) ;
%  F u n c t i o n  t o  c o m p u t e  t h e  m a x i m u m  p a s s  b a n d  r i p p l e  a n d  m i n i m u m  s t o p  b a n d
f u n c t i o n  [  p a s s ,  s t o p  ]  =  r e s p o n s e m a x m i n (  H ,  F ,  l o w p a s s ,  h i g h p a s s ,  l o w s t o p ,  
h i g h s t o p  )
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%  S e t u p  t h e  w o r s t  s t o p  a n d  p a s s  b a n d  s t o r a g e  
w o r s t s t o p  =  - l e 9 ;  
w o r s t p a s s  =  0 ;
%  G o  t h r u  e a c h  p o i n t  a n d  e v a l u a t e  t h e  r e s p o n s e  
f o r  j  =  1  :  s i z e ( H ) ,
%  D o  i t  i n  d B
d u m m y  =  2 0  *  l o g l 0 (  a b s (  H (  j  )  )  ) ;
%  C h e c k  t h e  p a s s  b a n d  r a n g e
i f  (  F (  j  )  > =  l o w p a s s  )  &  (  F (  j  )  < =  h i g h p a s s  )
%  U p d a t e  t h e  w o r s t  p a s s  b a n d  r e s p o n s e  
i f  a b s ( d u m m y  )  >  a b s ( w o r s t p a s s  ) 
w o r s t p a s s  =  d u m m y ;  
e n d  
e n d
%  C h e c k  t h e  s t o p  b a n d  r a n g e
i f  (  F (  j  )  > =  l o w s t o p  )  &  (  F (  j  )  < =  h i g h s t o p  )
%  U p d a t e  t h e  w o r s t  s t o p  b a n d  r e s p o n s e
i f  d u m m y  >  w o r s t s t o p




%  S e t  o u t p u t s
p a s s  =  w o r s t p a s s ;  
s t o p  =  w o r s t s t o p ;
%  F u n c t i o n  t o  r e a d  t h e  o p t i m a l  b a s e  d a t a
f u n c t i o n  [  c ,  b ,  e  ]  =  r e a d o p t i m a l (  c i n ,  f n a m e  )
%  O p e n  t h e  o u t p u t  f i l e  
f i d  =  f o p e n ( f n a m e ,  ' r '  ) ;
%  C h e c k  t o  s e e  i f  i t  o p e n e d  
i f  f i d  >  0
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%  R e a d  i n  t h e  m a g i c  n u m b e r  
i d  =  f r e a d (  f i d ,  1 ,  ' i n t '  ) ;
%  C h e c k  i t  i f  i t  i s  t h e  o p t i m a l  b a s e  o u t p u t  
i f  i d  ~ =  1 3 2 9 7 4 5 7 1 3  
%  I f  n o t  s t o p
%  I f  t h e  e n d i a n  o f  t h e  f i l e  i s  n o t  t h a t  o f  t h e  m a c h i n e  w e
%  c a n ' t  d o  a n y t h i n g  a b o u t  i t  a n y w a y
%  M A T L A B  d o e s n ' t  o f f e r  a  w a y  t o  r e a d  i n  b i n a r y  d a t a  w i t h  a
%  d i f f e r e n t  e n d i a n
d i s p (  f n a m e ,  '  f i l e  i s  i n v a l i d . '  ) ;
%  C l o s e  t h e  f i l e
f c l o s e (  f i d  ) ;
%  S t o p  t h e  p r o g r a m
r e t u r n ;
e n d
%  R e a d  i n  t h e  d a t a
c  =  f r e a d (  f i d ,  s i z e (  c i n '  ) ,  ' d o u b l e '  ) ;
%  T r a n s p o s e  t h e  m a t r i x  s o  t o  r e m a i n  c o n s i s t e n t  
c  =  c '  ;
% R e a d  i n  t h e  o p t i m a l  b a s e
b  =  f r e a d (  f i d ,  1 ,  ' d o u b l e '  ) ;
%  R e a d  i n  t h e  e r r o r / s c o r e  o f  t h e  o p t i m i z a t i o n  
e  =  f r e a d (  f i d ,  1 ,  ' d o u b l e '  ) ;
%  C l o s e  t h e  f i l e  
f c l o s e  (  f i d  ) ;  
e l s e
% C o u l d n ' t  o p e n  t h e  f i l e
d i s p (  ' C a n n o t  r e a d  d a t a  f r o m  t h e  f i l e . '  ) ;
%  S t o p  t h e  p r o g r a m  
r e t u r n ;  
e n d
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%  F u n c t i o n  t o  w r i t e  t h e  m a t l a b  c o e f f i c i e n t s  t o  a  f i l e  f o r  t h e  o p t i m a l  b a s e  t o o l s  
f u n c t i o n  w r i t e o p t i m a l ( c i n ,  f n a m e  )
%  O p e n  a  b i n a r y  f i l e  
f i d  =  f o p e n (  f n a m e ,  ' w '  ) ;
%  C h e c k  t o  s e e  i f  i t  o p e n e d  
i f  f i d  >  0
%  W r i t e  t h e  m a g i c  n u m b e r  t o  t h e  f i l e
%  T h i s  n o t  o n l y  i n d i c a t e s  t h e  f i l e  i s  i n p u t  d a t a ,  b u t  a l s o  
%  t e l l s  t h e  o p t i m i z e r  w h a t  t h e  e n d i a n  i s  o f  t h i s  m a c h i n e
f w r i t e (  f i d ,  1 3 2 9 7 4 4 1 7 7 ,  ' i n t '  ) ;
%  W r i t e  o u t  t h e  c o e f f i c i e n t s  i n  6 4 b i t  I E E E  f o r m
f w r i t e (  f i d ,  c i n '  ,  ' d o u b l e '  ) ;
%  C l o s e  t h e  f i l e
f c l o s e  (  f i d  ) ;
e l s e
%  I f  t h e  f i l e  c a n ' t  b e  o p e n e d ,  s t o p  t h e  p r o g r a m  
d i s p  (  ' C a n n o t  w r i t e  t h e  d a t a  t o  f i l e . '  ) ;  
r e t u r n ;  
e n d
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This appendix contains Unix shell scripts and template Verilog 
HDL code which generates HDL code for any type of binary to 
MDLNS conversion method covered in Chapter 3. HDL code for 
MDLNS addition and subtraction is also included.
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B .l Binary to 2DLNS Conversion
In order to maintain generalization, the Verilog HDL code for conversion needs to be 
generated for each specific case based on particular parameters. This is done by using 
Unix shell scripts to import and in some cases modify template HDL code. The resulting 
output is a stream of Verilog code includes a test bench and all modules necessary for 
conversion. This stream can be saved to a single file for processing with simulation and 
synthesis tools.
There are two types of conversion implementation methods: serial and parallel. For the 
serial implementation, each circuit requires a reset line (RESET, active high), conversion 
activation line (ACTIVATE, active high) and a output valid line (READY, active high). For 
the parallel implementation, no signals are required since the circuit effectively performs a 
conversions every cycle, but with some latency (noted as a parameter in the generated test 
bench) code.
The Unix shell scripts all follow the same naming and parameter structure:
r a a k e < t y p e > n d i g i t < m e t h o d > . s h  b a s e  i n p u t b i t s  f i r s t b a s e b i t s  
s e c o n d b a s e b i t s  s e c o n d b a s e r e s e r v e b i t s  d i g i t s  
e x t r a p r e c i s i o n  s i g n m o d e
Name/Argument Definition
< ty p e > Implementation type of converter: s e r i a l  or 
p a r a l l e l
<m ethod> Method of conversion: q u ic k ,  h ig h lo w  or 
b r u t e  (not all combinations o f type and method 
are valid)
b a s e ASCII base or optimalbase output filename
i n p u t b i t s Number of bits for the input (2’s complement, 
including the sign bit)
f i r s t b a s e b i t s Number o f bits for the firstbase index (2’s 
complement include the sign bit)
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N ame/Argument Definition
s e c o n d b a s e b i t s Number of bits for the secondbase index (2’s 
complement including the sign bit)
s e c o n d b a s e r e s e r v e b i t s Number of bits to reserve from the secondbase 
index (must be less than s e c o n d b a s e b i t s ;
used to ensure no overflow occurs when 
multiplying converted representation with some 
coefficients, e.g., FIR filter)
d i g i t s The number of digits in the converter
e x t r a p r e c i s i o n The number of extra bits to use to improve 
conversion accuracy
s ig n m o d e Sign mode: - z for 2 bits sign (i.e., 01 for 
positive, 11 for negative, 0 0 for zero)
- n z  for 1 bit sign (i.e., 0 for positive, 1 for 
negative, lowest secondbase index for zero)
All arguments are required as the shell scripts have no defaults for the parameters or 
sophisticated error checking.
For the 2-digit converter designs, the d i g i t s  argument must be 2.
B.1.1 Common Code
This section includes the template code for the two common operations in the conversion 
process: sign separation and normalization. This code is copied directly to the output 
stream with no modifications.
B. 1.1.1 TEMPL ATE_separ atesign_noclk. v
/ /  M o d u l e  f o r  s e p a r a t i n g  a n  i n t e g e r  i n t o  a  n u m b e r  a n d  a  s i g n  
/ /  T h i s  m o d u l e  d o e s n ' t  g e n e r a t e  a  z e r o  s i g n ,  s i m p l y  a  1  o r  - 1  
m o d u l e  s e p a r a t e s i g n _ n o c l k  (  i ,  o ,  o s  )  ;
/ /  D e f a u l t  p a r a m e t e r s
/ /  I n p u t  w o r d  s i z e  i n  b i t s  
p a r a m e t e r  i n p u t b i t s  =  1 6 ;
/ /  O u t p u t  w o r d  s i z e  i n  b i t s  ( m u s t  b e  e q u a l  t o  o r  g r e a t e r  t h a n  i n p u t b i t s )  
p a r a m e t e r  o u t p u t b i t s  =  1 5 ;
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/ /  t w o b i t  s i g n  i n d i c a t o r  
p a r a m e t e r  t w o b i t m o d e  =  1 ;
/ /  D e f i n e  p o r t s
/ /  I n p u t  o f  m o d u l e  i n  2 ' s  c o m p l e m e n t s  f o r m  
i n p u t  [  i n p u t b i t s  - 1 : 0 ]  i ;
/ /  O u t p u t  n u m b e r  o f  m o d u l e  i n  b i n a r y  f o r m  
o u t p u t  [  o u t p u t b i t s  -  1  :  0  ]  O ;  
r e g  [  o u t p u t b i t s  -  1  :  0  ]  o ;
/ /  O u t p u t  s i g n  o f  m o d u l e  
o u t p u t  [  t w o b i t m o d e  :  0  3 o s ;  
r e g  [  t w o b i t m o d e  :  0  ]  o s ;
' i f d e f  D C
' e l s e
i n i t i a l
b e g i n
/ /  S t o p  s i m u l a t i o n  i f  o u t p u t  i s  s m a l l e r  t h a n  i n p u t  
i f  (  o u t p u t b i t s  <  i n p u t b i t s  )  $ s t o p ;
e n d
' e n d i f
/ /  T w o  i n t e r m e d i a t e  r e g i s t e r s  t o  e x p a n d  w o r d  l e n g t h  
r e g  [ 3 1  : 0  ]  t l ,  t 2 ;
a l w a y s  @ (  i  ) 
b e g i n
/ /  G e n e r a t e  n e g a t i v e  v a l u e  o f  i n p u t ,  b u t  e x t e n d  t h e  s i g n  t o o  
t l  =  0  -  {  {  (  3 1  -  i n p u t b i t s  )  {  i  [  i n p u t b i t s  -  1  ]  }  } ,  i [
3 } ;
/ /  C o p y  i n p u t  
t 2  =  i ;
/ /  C h e c k  t h e  h i g h  b i t  o f  t h e  i n p u t ,  i f  i t  i s  o n e ,  t h e n  i n p u t  
/ /  i s  n e g a t i v e
i f  (  i [  i n p u t b i t s  -  1  ]  = =  l ' b l  ) 
b e g i n
/ /  S e t  o u t p u t  t o  n e g a t e d  i n p u t  
o  =  t l [  o u t p u t b i t s  - 1 : 0 ] ;
/ /  S e t  s i g n  t o  - 1 ,  1  f o r  o n e  b i t  s i g n  m o d e
i f (  t w o b i t m o d e  )
b e g i n
o s  =  2 ' b l l ;
e n d
e l s e
i n p u t b i t s  - 2 : 0
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b e g i n
o s  =  1 '  b l ;
e n d
e n d
e l s e
b e g i n
/ /  S e t  o u t p u t  t o  e x t e n d e d  i n p u t  
O  =  t 2 [  o u t p u t b i t s  -  1  :  0  ] ;
/ /  S e t  s i g n  t o  1 ,  0  f o r  o n e  b i t  s i g n  m o d e
i f (  t w o b i t m o d e  )
b e g i n
o s  =  2 ' b 0 1 ;
e n d
e l s e
b e g i n




e n d m o d u l e
B.l.1.2 TEMPLATE_normalizer_noclk.v
/ /  M o d u l e  f o r  n o r m a l i z i n g  a n d  i n t e g e r  a n d  p o s s i b l y  s e t t i n g  t h e  s i g n  t o  z e r o  
m o d u l e  n o r m a l i z e r _ n o c l k (  i ,  i s ,  o ,  o s ,  s  ) ;
/ /  D e f a u l t  p a r a m e t e r s
/ /  i n p u t b i t s  i s  t h e  i n p u t  n u m b e r  o f  b i t s ,  t h e  o u t p u t  w i l l  b e  i n p u t b i t s - 1  b i t s  
s i n c e
/ /  t h e  f i r s t  " 1 "  w i l l  b e  o m i t t e d  
p a r a m e t e r  i n p u t b i t s  =  1 6 ;
/ /  s h i f t b i t s  i s  t h e  n u m b e r  o f  b i t s  t o  d e s c r i b e  t h e  s h i f t  o f  t h e  n o r m a l i z a t i o n  
p a r a m e t e r  s h i f t b i t s  =  4 ;
/ /  t w o  b i t  m o d e  
p a r a m e t e r  t w o b i t m o d e  =  1 ;
/ /  D e f i n e  p o r t s
/ /  i n p u t
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
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/ /  i n p u t  s i g n
i n p u t  [  t w o b i t m o d e  : 0  ]  i s ;
/ /  o u t p u t  o f  n o r m a l i z a t i o n ,
o u t p u t  [  i n p u t b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o ;  
r e g  [  i n p u t b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o ;
/ /  o u t p u t  s i g n ,  w i l l  b e  z e r o  i s  i n p u t  s i g n  i s  a l s o  
o u t p u t  [  t w o b i t m o d e  :  0  ]  o s ;  
r e g  [  t w o b i t m o d e  :  0  ]  o s ;
/ /  o u t p u t  s h i f t
o u t p u t  [  s h i f t b i t s  -  1  :  0  ]  s ;  
r e g  [  s h i f t b i t s  -  1  : 0  ]  s ;
/ /  t e m p o r a r y  v a r i a b l e s  
r e g  [  i n p u t b i t s  -  1  : 0  ]  t ;  
r e g  z  ;
/ /  i n t e r n a l  c o u n t e r  
i n t e g e r  c ;
a l w a y s  @ ( i  o r  i s  )  
b e g i n
/ /  t h e r e  a r e  o t h e r  w a y s  t o  d o  t h i s  p r o c e d u r e ,  b u t  t h r o u g h  s y n t h e s i s  
/ /  t h i s  t u r n s  o u t  t o  b e  t h e  s m a l l e s t
/ /  s e t  s h i f t  t o  z e r o  
s  =  0 ;
/ /  s e t  l o o p  c o n t r o l  
z  =  0  ;
/ /  l o o p  t h r o u g h  a l l  b i t s  f r o m  l e f t  t o  r i g h t  
f o r (  c  =  i n p u t b i t s  -  1  ;  c  > =  0  ;  c  =  c  -  1  )  
b e g i n
/ /  i f  t h e  b i t  i s  z e r o  a n d  n o  o n e s  h a v e  b e e n  e n c o u n t e r e d ,
/ /  k e e p  u p d a t i n g  t h i s  s h i f t
i f (  i [  c  ]  = =  1 ' b O  & &  z  = =  1 ' b O  )
b e g i n
/ /  r e c o r d  t h e  s i z e  
s  =  i n p u t b i t s  -  c ;
/ /  s e t  t h e  l o o p  t o  k e e p  g o i n g  
z  =  0  ;
e n d
e l s e
b e g i n
/ /  d o n ' t  i n f e r  a n y  l a t c h e s  
s  =  s  ;
/ /  a  o n e  h a s  b e e n  s p o t t e d ,  n o  m o r e  u p d a t e s  
z  =  1 ;
e n d
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e n d
/ /  c h e c k  f o r  t w o b i t  m o d e
i f (  t w o b i t m o d e  )
b e g i n
/ /  c h e c k  t h e  l o o p  c o n t r o l  b i t
i f ( z  = =  0  )
b e g i n
/ /  i f  z e r o ,  s e t  t h e  o u t p u t  s i g n  t o  z e r o  
o s  =  0  ;  
s  =  0  ;
e n d
e l s e
b e g i n
/ /  i f  n o t ,  p a s s  t h e  i n p u t  s i g n  t h r o u g h  
o s  =  i s ;
e n d
e n d
e l s e
b e g i n
/ /  p a s s  t h e  i n p u t  s i g n  t h r o u g h  
o s  =  i s ;
/ /  c h e c k  t h e  l o o p  c o n t r o l  b i t
i f  (  z  = =  0  )
b e g i n
s  =  0 ;
e n d
e n d
/ /  s h i f t  t e m p o r a r y  r e g i s t e r  
t  =  i  < <  s ;
/ /  s e t  o u t p u t  f r o m  t e m p o r a r y  r e g i s t e r  ( w e  c a n  n o t  d o  t h i s  i n  o n e  s t e p )  
o  =  t [  i n p u t b i t s  -  1  -  t w o b i t m o d e  :  0  ] ;
e n d
e n d m o d u l e
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B.1.2 Simulation Test Benches
Both serial and parallel simulation test benches are included in the appropriate stream for 
easy circuit verification. Valid simulation output lines include a “+” at the beginning with 
no X’s (I DON’T CARE). These valid lines include the binary representation for the target 
value and then each MDLNS digit in sequence.
Example Output in Binary (D  = 0.75) 
+ 0 1 1 1 1 0 1 0  0 1  0 0 1 1 1  0 0 0 0  1 1  0 0 0 1 1  0 0 0 1  
Output in Decimal 
122 1 7 0-1 3 1 
Final Expression
1 2 2  =  1  • 2 7  ■ D ° -  1  • 2 3  • D 1
The simulation for each mode starts and stops at the maximum binary ranges for the given 
conversion range. In order to insert the conversion parameters and module name, some 
stream processing is performed on these templates.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
--MAGIC-- 3 Output conversion module name
B. 1.2.1 TEMPL ATE_simulation_seriaI. v
'  i f d e f  D C  
'  e l s e
' t i m e s c a l e  I n s / l O p s
/ /  D e f i n e  s e r i a l  s i m u l a t i o n  m o d u l e  
m o d u l e  s i m u l a t e _ s e r i a l ;
- - M A G I C - -  2
/ /  D e f i n e  s y s t m  c l o c k
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r e g  C K ;
/ /  T e s t  b e n c h  r e g i s t e r s ,  j u s t  o n e  
r e g  [ 3 1 : 0 ]  i ;
/ /  I n t e r f a c i n g  r e g i s t e r s  
r e g  r e s e t ;  
r e g  a c t i v a t e ;
r e g  [  i n p u t b i t s  -  1  :  0  ]  i 0 ;  
w i r e  r e a d y ;
w i r e  [  (  d i g i t s  *  (  t w o b i t m o d e  +  1  )  )  - 1 : 0 ]  o u t p u t _ s i g n ;  
w i r e  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;  
w i r e  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
/ /  R e o r d e r e d  c o n v e r t e r  r e s u l t s
r e g  [  t w o b i t m o d e  :  0  ]  f i n a l _ s i g n [  0  : d i g i t s  -  1 ] ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f l n a l _ f i r s t [  0  : d i g i t s  -  1  ] ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d [  0  :  d i g i t s  -  1  ] ;
/ /  T e m p o r a r y  r e g i s t e r s
r e g  [  (  d i g i t s  *  (  t w o b i t m o d e  +  1  )  )  - 1 : 0 ]  o u t p u t _ s i g n 2 ;  
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t 2 ;  
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  -  1  :  0  ]  o u t p u t _ s e c o n d 2 ;
/ /  C o n v e r s i o n  o p e r a t e s  o n  r i s i n g  e d g e  
- - M A G I C - -  3  
s e r i a l (
C K ,
r e s e t ,
a c t i v a t e ,
i O ,
r e a d y ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
)  ;
i n t e g e r  q ;
t i m e  s t a r t t i m e ;
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  D i s a b l e  v e r i l o g  i n p u t  l o g g i n g  
$ n o k e y ;
/ /  D i s a b l e  v e r i l o g  o u t p u t  l o g g i n g  
$ n o l o g ;
/ /  I n i t i a l i z e  c l o c k  
C K  =  0 ;
/ /  S e t  i n i t i a l  i n p u t  
i  =  s t a r t e r  -  1 ;
/ /  D i s a b l e  c o n v e r t e r  
a c t i v a t e  =  0 ;
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/ /  R e s e t  c o n v e r t e r  
r e s e t  =  1 ;
e n d
/ /  S e t  u p  t h e  c l o c k  t o  p u l s e  e v e r y  1 0  u n i t s  
a l w a y s  # 1 0  C K  =  ! C K ;
/ /  O n  t h e  r i s i n g  e d g e  
a l w a y s  @ ( p o s e d g e  C K  ) 
b e g i n
/ /  W h e n  c o n v e r s i o n  i s  d o n e ,  r e a d  c o n v e r t e r  r e s u l t s
i f (  r e a d y  = =  1  & &  a c t i v a t e  = =  0  )
b e g i n
$ d i s p l a y (  " ' t o t a l  t i m e = % t " ,  $ t i m e  -  s t a r t t i m e  ) ;
/ /  C o p y  t h e  c o n e r t e r  r e s u l t s  
o u t p u t _ s i g n 2  =  o u t p u t _ s i g n ;  
o u t p u t _ f i r s t 2  =  o u t p u t _ f i r s t ;  
o u t p u t _ s e c o n d 2  =  o u t p u t _ s e c o n d ;
/ /  W r i t e  o u t  t h e  i n p u t  f o r  c o m p a r i s o n  
$ w r i t e (  " + % b " ,  i O  ) ;
/ /  L o o p  t h r o u g h  a l l  t h e  d i g i t s  t o  e x t r a c t  t h e  s i g n  a n d  i n d i c e s
/ /  W e  c a n  n o t  u s e  a  v a r i a b l e  i n  t h e  i n d e x i n g ,  s o  w e  u s e  s h i f t s  i n s t e a d
f o r (  q  =  0  ;  q  <  d i g i t s  ;  q  =  q  +  1  )
b e g i n
/ /  E x t r a c t  t h e  s i g n
f i n a l _ s i g n [  q  ]  =  o u t p u t _ s i g n 2 [  t w o b i t m o d e  :  0  ] ;
/ /  S h i f t  i t  d o w n  f o r  t h e  n e x t  e x t r a c t i o n  
o u t p u t _ s i g n 2  =  o u t p u t _ s i g n 2  > >  (  t w o b i t m o d e  +  1  ) ;
/ /  E x t r a c t  t h e  f i r s t  i n d e x
f i n a l _ f i r s t [  q  ]  =  o u t p u t _ f i r s t 2 [  f i r s t b a s e b i t s  -  1  :  0  ] ;
/ /  S h i f t  i t  d o w n  f o r  t h e  n e x t  e x t r a c t i o n  
o u t p u t _ f i r s t 2  =  o u t p u t _ f i r s t 2  > >  f i r s t b a s e b i t s ;
/ /  E x t r a c t  t h e  s e c o n d  i n d e x
f i n a l _ s e c o n d [  q  ]  =  o u t p u t _ s e c o n d 2 [  s e c o n d b a s e b i t s  -  1  :  0  ] ;
/ /  S h i f t  i t  d o w n  f o r  t h e  n e x t  e x t r a c t i o n  
o u t p u t _ s e c o n d 2  =  o u t p u t _ s e c o n d 2  > >  s e c o n d b a s e b i t s ;
/ /  W r i t e  o u t  t h e  s i g n  a n d  i n d i c e s
$ w r i t e (  " \ t % b \ t % b \ t % b " ,  f i n a l _ s i g n [  q  ] ,  f i n a l _ f i r s t [  q  ] ,  f i n a l _ s e c o n d  [  q  
] ) ;
e n d
/ /  W r i t e  a  n e w  l i n e  
$ w r i t e (  " \ n "  ) ;
/ /  I n c r e m e n t  t h e  t e s t  i n p u t  
i  =  i  +  1 ;
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/ /  S t o p  s i m u l a t i o n s  w h e n  i t  r e a c h e s  t h e  l a s t  i n p u t
i f (  i  -  1  = =  s t o p p e r  )
b e g i n
$ f i n i s h ;
e n d
/ /  S e t  t h e  i n p u t
i O  < =  i  [  i n p u t b i t s  -  1  :  0  ]  ;
/ /  R e q u e s t  a  c o n v e r s i o n  
a c t i v a t e  < =  1 ;
/ /  R e c o r d  s t a r t  t i m e  
s t a r t t i m e  =  $ t i m e ;
e n d
e l s e
b e g i n
/ /  C o n v e r s i o n  i s  e i t h e r  b u s y  o r  i n  r e s e t
/ /  T u r n  o f f  c o n v e r s i o n  
a c t i v a t e  < =  0 ;
/ /  T a k e  o u t  o f  r e s e t  
r e s e t  < =  0 ;
e n d
e n d
e n d m o d u l e
' e n d i f
B.l.2.2 TEMPLATE_simulation_paraIlel.v
'  i f d e f  D C  
'  e l s e
' t i m e s c a l e  I n s / l O p s
/ /  D e f i n e  p a r a l l e l  s i m u l a t i o n  m o d u l e  
m o d u l e  s i m u l a t e _ p a r a l l e l ;
- - M A G I C - -  2
/ /  D e f i n e  s y s t m  c l o c k  
r e g  C K ;
/ /  T e s t  b e n c h  r e g i s t e r s ,  j u s t  o n e  
r e g  [ 3 1 : 0 ]  i ;
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/ /  I n t e r f a c i n g  r e g i s t e r s
r e g  [  i n p u t b i t s  -  1  :  0  ]  i O ,  i l ;
w i r e  [  (  d i g i t s  *  (  t w o b i t m o d e  +  1  )  )  - 1 : 0 ]  o u t p u t _ s i g n ;
w i r e  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;  
w i r e  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
/ /  R e o r d e r e d  c o n v e r t e r  r e s u l t s
r e g  [  t w o b i t m o d e  :  0  ]  f i n a l _ s i g n [  0  : d i g i t s  -  1 ] ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t [  0  :  d i g i t s  -  1  ]  ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d [  0  :  d i g i t s  -  1  ] ;
/ /  T e m p o r a r y  r e g i s t e r s
r e g  [  (  d i g i t s  *  (  t w o b i t m o d e  +  1  )  )  - 1 : 0 ]  o u t p u t _ s i g n 2 ;
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t 2 ;  
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d 2 ;
/ /  C o n v e r s i o n  o p e r a t e s  o n  r i s i n g  e d g e  
- - M A G I C - -  3  
p a r a l l e l (
C K ,
i O ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
) ;
i n t e g e r  q ;
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  D i s a b l e  v e r i l o g  i n p u t  l o g g i n g  
$ n o k e y ;
/ /  D i s a b l e  v e r i l o g  o u t p u t  l o g g i n g  
$ n o l o g ;
/ /  I n i t i a l i z e  c l o c k  
C K  =  0 ;
/ /  S e t  i n i t i a l  i n p u t  
i  =  s t a r t e r  -  1 ;
e n d
/ /  S e t  u p  t h e  c l o c k  t o  p u l s e  e v e r y  1 0  u n i t s  
a l w a y s  # 1 0  C K  =  ! C K ;
/ /  O n  t h e  r i s i n g  e d g e  
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
/ /  C o p y  t h e  c o n e r t e r  r e s u l t s  
o u t p u t _ s i g n 2  =  o u t p u t _ s i g n ;  
o u t p u t _ f i r s t 2  =  o u t p u t _ f i r s t ;  
o u t p u t _ s e c o n d 2  =  o u t p u t _ s e c o n d ;
/ /  C o m p u t e  t h e  b i n a r y  v a l u e  w i t h  l a t e n c y
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i l  =  i O  -  l a t e n c y ;
/ /  W r i t e  o u t  t h e  i n p u t  f o r  c o m p a r i s o n  
$ w r i t e (  " + % b " ,  i l  ) ;
/ /  L o o p  t h r o u g h  a l l  t h e  d i g i t s  t o  e x t r a c t  t h e  s i g n  a n d  i n d i c e s
/ /  W e  c a n  n o t  u s e  a  v a r i a b l e  i n  t h e  i n d e x i n g ,  s o  w e  u s e  s h i f t s  i n s t e a d
f o r (  q  =  0  ;  q  <  d i g i t s  ;  q  =  q  +  1  )
b e g i n
/ /  E x t r a c t  t h e  s i g n
f i n a l _ s i g n [  q  ]  =  o u t p u t _ s i g n 2 [  t w o b i t m o d e  :  0  ] ;
/ /  S h i f t  i t  d o w n  f o r  t h e  n e x t  e x t r a c t i o n  
o u t p u t _ s i g n 2  =  o u t p u t _ s i g n 2  > >  (  t w o b i t m o d e  +  1  ) ;
/ /  E x t r a c t  t h e  f i r s t  i n d e x
f i n a l _ f i r s t  [  q  ]  =  o u t p u t _ f i r s t 2 [  f i r s t b a s e b i t s  -  1  :  0  ]  ;
/ /  S h i f t  i t  d o w n  f o r  t h e  n e x t  e x t r a c t i o n  
o u t p u t _ f i r s t 2  =  o u t p u t _ f i r s t 2  > >  f i r s t b a s e b i t s ;
/ /  E x t r a c t  t h e  s e c o n d  i n d e x
f i n a l _ s e c o n d [  q  ]  =  o u t p u t _ s e c o n d 2 [  s e c o n d b a s e b i t s  - 1 : 0 ] ;
/ /  S h i f t  i t  d o w n  f o r  t h e  n e x t  e x t r a c t i o n  
o u t p u t _ s e c o n d 2  =  o u t p u t _ s e c o n d 2  > >  s e c o n d b a s e b i t s ;
/ /  W r i t e  o u t  t h e  s i g n  a n d  i n d i c e s
$ w r i t e (  " \ t % b \ t % b \ t % b " ,  f i n a l _ s i g n [  q  ] ,  f i n a l _ f i r s t [  q  ] ,  f i n a l _ s e c o n d [  q  ] 
) ;
e n d
/ /  W r i t e  a  n e w  l i n e  
$ w r i t e (  " \ n "  ) ;
/ /  S t o p  s i m u l a t i o n s  w h e n  i t  r e a c h e s  t h e  l a s t  i n p u t
i f  (  (  i  -  l a t e n c y  )  = =  s t o p p e r  )
b e g i n
$ f i n i s h ;
e n d
/ /  I n c r e m e n t  t h e  t e s t  i n p u t  
i  =  i  +  1 ;
/ /  S e t  t h e  i n p u t
i O  < =  i [  i n p u t b i t s  - 1 : 0 ] ;
e n d
e n d m o d u l e
' e n d i f
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B.1.3 RALUT Code
The RALUTs should be implemented using modem dynamic memory techniques, 
although no trusted design is available at this time. Until a design is available, the 
RALUTs will be implemented using standard logic gates and tri-state buffers. The actual 
decode logic is a synthesised version of Figure 3.4, “Logically Optimized RALUT 
Structure,” on page 37. The bit pattern output is that o f Figure 5.9, “Tri-State Drivers for 
Output Bit Patterns,” on page 115. The syntax of this command is:
m a k e r a l u t . s h  i n p u t f i l e  m ode
Argument Definition
i n p u t f i l e A file containing the contents of the RALUT
mode RALUT mode: -n d  is not dual; - d  is dual (for 
brute force conversion)
This Unix shell script performs a considerable amount of stream processing to scale the 
RALUT HDL code to fit the needs o f that particular configuration.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture RALUT contents, columns determined here
--MAGIC-- 2 Output address assignments
--MAGIC-- 3 Output bit pattern assignments
--MAGIC-- 4 Output Verilog code to short bit patterns (to generate wired or
logic)
--MAGIC-- 5 Output RALUT contents in the same format as read in
%MAGICd% Replace %MAGICd% with the input data CRC and file size 
(i.e., “data_size” in decimal form)
%MAGICi% Repeat each line from 1 to the number o f output columns 
while replacing %MAGICi% with the c o u n t e r
%MAGICj % While repeating each line from 1 to the number o f output 
columns with %MAGICi%, replace %MAGICj % with the 
bitwidth of the associated column
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Stream Element Processing Event
%MAGICk% Print the bitwidth of the address column
%MAGIC1% Print the number o f rows in the RALUT
%MAGICm% Print the number of bits necessary to hold the number of rows
in the RALUT
%MAGICn% Replace %MAGICn% with the number of output columns
B.l.3.1 makeralut.sh
# ! / b i n / s h
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
d a t a f i l e = $ l  
M 0 D E = $ 2
#  D e f i n e  t o o l s  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ c k s u m = / u s  r / b i n / c k s u m
#  C h e c k  f o r  f i l e n a m e
i f  t e s t  - z  " $ d a t a f i l e " ;  t h e n
e c h o  N o  f i l e  n a m e  s p e c i f i e d .  1 > & 2
e x i t
f i
#  C h e c k  i f  f i l e  i s  r e a d a b l e
i f  t e s t  ! - r  " $ d a t a f i l e " ;  t h e n  
e c h o  C a n  n o t  r e a d  $ d a t a f i l e  1 > & 2
e x i t
f i
#  D e t e r m i n e  r a l u t  m o d e
i f  [  " X $ M O D E "  =  " X "  ] ;  t h e n
M O D E S T R I N G = " "  
e l s e
i f  [  " $ M O D E " =  " - d "  ] ;  t h e n  
M O D E S T R I N G = " d u a l "  
e l i f  [  " $ M O D E "  =  " - n d "  ] ;  t h e n  
M O D E S T R I N G = " "  
e l s e
e c h o  R A L U T  m o d e  i n v a l i d ,  u s e  e i t h e r  - d  o r  - n d  1 > & 2  
e x i t
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f i
f i
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ' $ C O M M A N D _ c k s u m  $ d a t a f i l e  ] $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " _ " $ 2 ; \
#  G e n e r a t e  t e m p l a t e  n a m e
t e m p l a t e = T E M P L A T E _ r a l u t $ { M O D E S T R I N G } _ n o c l k . v
#  P r o c e s s  t h e  R A L U T  t e m p l a t e
(  e c h o  " - - M A G I C - -  1"  ;  (  c a t  $ d a t a f i l e  | t r  - d  )  ;  e c h o  " - - M A G I C - -  0 "  ;  c a t
$ t e m p l a t e  )  | n a w k  ' \
B E G I N \
{ \
m = 0 ;  \
1 = 0 ; \  
e  =  0 ;  \
}\  
{\
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2 ; \  
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
}\
e l s e  i f (  m  = =  2  ) \
{ \
f o r (  i = 0  ;  i < l  ;  i  =  i  +  1  ) \
{ \
s p l i t (  d a t a [  i  ] ,  t  ) ; \
p r i n t  " r o m A d d r [ "  i  " ] = "  l e n g t h ( t [  1  ]  )  " \ 0 4 7 b "  t [  1  ]  ; \
}\
}\
e l s e  i f (  m  = =  3  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
n  =  s p l i t (  d a t a [  i  ] ,  t  ) ; \  
f o r ( j = l ; j < n ; j = j + l ) \
{ \




e l s e  i f (  m  = =  4  ) \
{ \
f o r (  i  =  0  ;  i < l  ;  i  =  i  +  1  )  \
{ \
f o r ( j = l ; j < e ; j = j + l ) \
{\
p r i n t  " a s s i g n  f i n _ o "  j  "  =  t r i _ o "  j  " [ "  i  ; \
}\
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
443
University o f  Windsor
} \  
} \
e l s e  i f ( m  = =  5  ) \
{ \
f o r (  i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
m = 0 ; \  
c o n t i n u e ; \
} \
e l s e \
{ \
i f (  m  = =  1  ) \
{ \
d a t a [ 1  ] =  $ 0 ;  \
n  =  s p l i t (  d a t a [  1  ] ,  t  ) ; \  
i f  (  e  = =  0  ) \
{ \
e  =  n ;  \
} \
i f  (  e  >  0  & &  n  ! =  e  )
{ \
e x i t  1 ; \
} \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r t  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r t  ]
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C n % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  e  -  1  " "  s u b s t r t  b
n  =  m a t c h ( b ,  " % M A G I C n % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C k % "  ) ; \  
w h i l e (  n  ) \
{ \
s p l i t (  d a t a [  0  ] ,  t  ) ; \
b  =  s u b s t r t  b ,  1 ,  n  -  1  )  " "  l e n g t h (  t [  1  ]  )  "
n  =  m a t c h t  b ,  " % M A G I C k % "  ) ; \
} \
n  =  m a t c h t  b ,  " % M A G I C 1 % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r t  b ,  1 ,  n  -  1  )  " "  1  " "  s u b s t r t  b ,  n
n  =  m a t c h t  b ,  " % M A G I C 1 % "  ) ; \
} \
n  =  m a t c h t  b ,  " % M A G I C m % "  ) ; \
,  n  +  8  )  ;  \
n  +  8  )  ;  \
s u b s t r t  b ,  n  +  8  ) ; \
8 ) ; \
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w h i l e (  n  ) \
{ \
a  =  l o g (  1  )  /  l o g ( 2 . 0  ) ; \  
i f (  i n t (  a  )  ! =  a  ) \
{ \
a  =  i n t (  a  )  +  1 ; \
} \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C m % "  ) ; \  ,
} \
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
i f (  n  ) \
{ \
s p l i t (  d a t a  [  0  ] ,  t  ) ; \
f o r ( i = l ; i < e ; i = i + l ) \
{ \
a  =  b ;
n  =  m a t c h (  a ,  ” % M A G I C . % "  ) ; \  
w h i l e (  n  ) \
{ \
i f (  s u b s t r t  a ,  n  +  6 ,  1  )  = =  " i "  ) \
{ \
c  =  i ; \
} \
e l s e  i f ( s u b s t r t  a ,  n  +  6 ,  1  )  = =  " j "  ) \
{ \
c  =  l e n g t h (  t [  i  +  1  ]  ) ; \
} \
a  =  s u b s t r t  a ,  1 ,  n  -  1  )  " "  c  " "  s u b s t r t  a ,  n  +  8  ) ; \  
n  =  m a t c h t  a ,  " % M A G I C . % "  ) ; \
} \
p r i n t  a ; \
} \  
} \
e l s e \
{ \
p r i n t  b ; \
} \  
} \  
} \
} '  F I L E I D = $ F I L E I D
B. 1.3.2 TEM PLATE_ralut_noclk.v
m o d u l e  r a l u t % M A G I C n % _ % M A G I C d % _ n o c l k ( 
o % M A G I C i % ,
i  )  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  o % M A G I C i % b i t s  =  % M A G I C j % ;  
p a r a m e t e r  i b i t s  =  % M A G I C k % ;  
p a r a m e t e r  r a s i z e  =  % M A G I C 1 % ;
/ /  D e f i n e  p o r t s
/ /  d a t a  t o  m a t c h
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i n p u t  [  i b i t s  -  1  :  0  ]  i ;
/ /  d a t a s  t o  o u t p u t
o u t p u t  [  o % M A G I C i % b i t s  - 1 : 0 ]  o % M A G I C i % ;  
r e g  [  o % M A G I C i % b i t s  - 1 : 0 ]  o % M A G I C i % ;
r e g  [  r a s i z e  -  1  :  0  ]  d ;
r e g  [  r a s i z e  :  0  ]  c ;
r e g  [  i b i t s  - 1 : 0 ]  r o m A d d r [  r a s i z e  -  1  :  0  ] ;
r e g  [  o % M A G I C i % b i t s  - 1 : 0 ]  r o m O u t % M A G I C i % [  r a s i z e  -  1  :  0  J  ;
r e g  [ 3 0  :  0  ]  h i g h ;
w i r e  [  o % M A G I C i % b i t s  - 1 : 0 ]  f i n _ o % M A G I C i % ;
r e g  [  o % M A G I C i % b i t s  - 1 : 0 ]  t r i _ o % M A G I C i % [  r a s i z e  -  1  :  0  ] ;
i n t e g e r  p ;  
i n t e g e r  j ;  
i n t e g e r  k ;
' i f d e f  D C  
'  e l s e
i n i t i a l
b e g i n
/ /  i n c l u d e  d a t a  i n f o r m a t i o n  h e r e
- - M A G I C - -  2
- - M A G I C - -  3
h i g h  =  3 1 ' b z ;  
c [  r a s i z e  ]  =  0 ;  
e n d  
' e n d i f
/ /  i n c l u d e  l i n e  s h o r t i n g  h e r e
- - M A G I C - -  4
a l w a y s  @ (  i  )  
b e g i n
' i f d e f  D C
- - M A G I C - -  2
c  [  r a s i z e  ]  =  0 ;
' e n d i f
f o r t  p  =  0  ;  p  < =  (  r a s i z e  -  1  )  ;  p  =  p  +  1  )
b e g i n
c  [  p  ]  =  (  i  > =  r o m A d d r [  p  ]  )  ;
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e n d
f o r t  j  =  0  ;  j  < =  (  r a s i z e  -  1  )  ;  j  =  j  +  1  )
b e g i n
d [  j  ]  < =  (  c [  j  ]  ! =  c [  j  +  1  ]  )  ;
e n d  
e n d
' i f d e f  D C
a l w a y s
' e l s e
a l w a y s  @ (  d  )
' e n d i f  
b e g i n  
' i f d e f  D C
/ /  i n c l u d e  d a t a  i n f o r m a t i o n  h e r e  
- - M A G I C - -  3  
h i g h  =  3 1 ' b z ;
' e l s e
' e n d i f
f o r (  k  =  0  ;  k  < =  (  r a s i z e  -  1  )  ;  k = k + 1  )
b e g i n
i f f  d[ k ] ) 
b e g i n
t r i _ o % M A G I C i % [  k  ]  =  r o m O u t % M A G I C i % [  k ];
e n d
e l s e
b e g i n
t r i _ o % M A G I C i % [  k  ]  =  h i g h [  o % M A G I C i % b i t s  - 1 : 0 ] ;  
e n d  
e n d  
e n d
' i f d e f  D C
a l w a y s  o % M A G I C i %  =  f i n _ o % M A G I C i % ;
' e l s e
a l w a y s  @ (  f i n _ o % M A G I C i %  )  o % M A G I C i %  =  f i n _ o % M A G I C i % ;
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' e n d i f  
e n d m o d u l e
/ /  R A L U T  c o n t e n t s  (  a d d r e s s ,  o u t p u t ( s )  . . .  )
/ *
- - M A G I C - -  5  
* /
B .l.3.3 TEM PLATE_ralutdual_noclk.v
m o d u l e  r a l u t d u a l % M A G I C n % _ % M A G I C d % _ n o c l k ( 
o % M A G I C i % ,  
i ,  
i d ,  
m o d e
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  o % M A G I C i % b i t s  =  % M A G I C j % ;  
p a r a m e t e r  i b i t s  =  % M A G I C k % ;  
p a r a m e t e r  i d b i t s  =  % M A G I C m % ;  
p a r a m e t e r  r a s i z e  =  % M A G I C 1 % ;
/ /  D e f i n e  p o r t s
/ /  d a t a  t o  m a t c h
i n p u t  [  i b i t s  -  1  :  0  ]  i ;
/ /  d i r e c t  d a t a  a c c e s s  l i n e  
i n p u t  [  i d b i t s  - 1 : 0 ]  i d ;
/ /  r a l u t  m o d e  ( 1 = R A  m o d e ,  0 = a c c e s s  m o d e )  
i n p u t  m o d e ;
/ /  d a t a s  t o  o u t p u t
o u t p u t  [  0 % M A G I C i % b i t S  - 1 : 0 ]  0 % M A G I C i % ;  
r e g  [  o % M A G I C i % b i t s  - 1 : 0 ]  o % M A G I C i % ;
r e g  [  r a s i z e  -  1  :  0  ]  d ;
r e g  [  r a s i z e  :  0  ]  c ;
r e g  [  i b i t s  - 1 : 0 ]  r o m A d d r [  r a s i z e  -  1  :  0  ] ;
r e g  [  o % M A G I C i % b i t s  - 1 : 0 ]  r o m O u t % M A G I C i % [  r a s i z e  -  1  :  0  ] ;
r e g  [ 3 0  : 0  ]  h i g h ;
w i r e  [  o % M A G I C i % b i t s  - 1 : 0 ]  f i n _ o % M A G I C i % ;
r e g  [  o % M A G I C i % b i t s  - 1 : 0 ]  t r i _ o % M A G I C i % [  r a s i z e  -  1  :  0  ]  ;
i n t e g e r  p ;  
i n t e g e r  j ;
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i n t e g e r  k ;
' i f d e f  D C  
'  e l s e
i n i t i a l
b e g i n
/ /  i n c l u d e  d a t a  i n f o r m a t i o n  h e r e
- - M A G I C - -  2
- - M A G I C - -  3
h i g h  =  3 1 ' b z ;  
c [  r a s i z e  ]  =  0 ;  
e n d  
' e n d i f
/ /  i n c l u d e  l i n e  s h o r t i n g  h e r e  
- - M A G I C - -  4
a l w a y s  @ ( m o d e  o r  i  o r  i d  )  
b e g i n
' i f d e f  D C
- - M A G I C - -  2
c [  r a s i z e  3  =  0 ;
' e n d i f
i f (  m o d e  )  
b e g i n
f o r (  p  =  0  ;  p  < =  (  r a s i z e  -  1  )  ;  p  =  p  +  1  ) 
b e g i n
c  [  p  ]  =  (  i  > =  r o m A d d r [  p  ]  )  ;
e n d
f o r (  j  =  o ;  j  < =  (  r a s i z e  -  1  )  ;  j  =  j  +  1  )  
b e g i n
d [  j  ]  < =  (  c [  j  ]  ! =  c  [  j  +  1  ]  )  ;
e n d
e n d
e l s e
b e g i n
f o r (  j  =  0  ;  j  < =  (  r a s i z e  -  1 )  ;  j  =  j  +  1  )
b e g i n
d [  j  3 < =  (  j  = =  i d  ?  1  : 0  ) ;
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' i f d e f  D C  
a l w a y s  
'  e l s e
a l w a y s  @ ( d  )
' e n d i f  
b e g i n  
' i f d e f  D C
/ /  i n c l u d e  d a t a  i n f o r m a t i o n  h e r e  
- - M A G I C - -  3  
h i g h  =  3 1 ' b z ;
' e l s e
' e n d i f
f o r (  k  =  0  ;  k  < =  (  r a s i z e  -  1  )  ;  k  =  k  +  1  )
b e g i n
i f (  d [  k  ]  ) 
b e g i n
t r i _ o % M A G I C i % [  k  ]  =  r o m O u t % M A G I C i % [  k  ]  ;
e n d
e l s e
b e g i n
t r i _ o % M A G I C i % [  k  ]  =  h i g h [  o % M A G I C i % b i t s  -  1  :  0  ] ;  
e n d  
e n d  
e n d
' i f d e f  D C
a l w a y s  o % M A G I C i %  =  f  i n _ _ o % M A G I C i %  ;
' e l s e
a l w a y s  @ (  f i n _ o % M A G I C i %  )  o % M A G I C i %  =  f i n _ o % M A G I C i % ;  
' e n d i f
e n d m o d u l e
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/ /  R A L U T  c o n t e n t s  (  a d d r e s s ,  o u t p u t ( s )  . . .  )
/ *
- - M A G I C - -  5  
* /
B.1.4 Serial Quick w-Digit Binary to 2DLNS
The Unix shell script for the serial quick n-digit converter uses the standard set of 
arguments. Some stream processing is done to insert the conversion parameters.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
B.l.4.1 makeserialndigitquick.sh
# ! / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  n - d i g i t  s e r i a l  q u i c k  b i n a r y  t o  2 D L N S  c o n v e r t e r
i f  t e s t  $ #  - I t  7 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  i n p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  
s e c o n d b a s e r e s e r v e d b i t s  d i g i t s  e x t r a p r e c  z e r o f l a g "  1 > & 2
e c h o  " b a s e , f i l e =  n u m e r i c a l b a s e  o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " i n p u t b i t s =  n u m b e r o f b i t s  f o r  i n p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s =  n u m b e r o f b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s =  n u m b e r o f b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1 > & 2
e c h o  " s e c o n d b a s e r e s e r v e d b i t s =  n u m b e r o f b i t s  f o r  t h e  e l i m i n a t e  f r o m  t h e
s e c o n d  b a s e  i n d e x "  1 > & 2
e c h o  " d i g i t s =  n u m b e r o f d i g i t s  t o  g e n e r a t e "  1 > & 2
e c h o  " e x t r a p r e c =  n u m b e r o f e x t r a  p r e c i s i o n  b i t s "  1 > & 2
e c h o  " z e r o f l a g =  - z  ( 2  b i t s i g n )  o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
#  T e l l  u s e r  w e  a r e  r u n n i n g
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e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t e r = T E M P L A T E _ s e r i a l n d i g i t q u i c k . v  
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ s i m u l a t i o n _ s e r i a l . v  
T E M P L A T E _ s e p a r a t e = T E M P L A T E _ s e p a r a t e s i g n _ n o c l k . v  
T E M P L A T E _ n o r m a l i  z  e r = T E M P L A T E _ n o r m a l i  z e  r _ n o c l k . v
#  D e f i n e  t o o l s
C O M M A N D _ r a l u t = . / m a k e r a l u t . s h  
C O M M A N D _ t o b i n a r y = . / t o b i n a r y  
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ c a t = / u s r / b i n / c a t  
C O M M A N D _ r m = / u s r / b i n / r m  
C O M M A N D _ w c = / u s r / b i n / w c  
C O M M A N D _ t r = / u s r / b i n / t r  
C O M M A N D _ c u t  =  / u s r / b i n / c u t  
C O M M A N D _ u n i q = / u s r / b i n / u n i q  
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
I N P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S E C O N D B A S E B I T S = $ 4
S E C O N D B A S E R E S E R V E D B I T S = $ 5
D I G I T S = $ 6
E X T R A P R E C = $ 7
Z M O D E = $ 8
#  F i n d  i n t e r n a l b i t s  f r o m  i n p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E R N A L B I T S = ' e c h o  $ I N P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  (  $ 1  +  $ 2  ) ; \
} \
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W O B I T M O D E = l
e l s e
i f  [  " $ Z M O D E "  =  " - z "  ]  ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  " $ Z M O D E "  =  « - n z "  ] ;  t h e n  
T W O B I T M O D E = 0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
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f i
f i
#  F i n d  - 2 ^ ( I N P U T B I T S - 1 )  f o r  s i m u l a t i o n  s t a r t  
s t a r t e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  -  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  ) ; \
} \
#  F i n d  2 * ( I N P U T B I T S - 1 ) - 1  f o r  s i m u l a t i o n  s t o p  
s t o p p e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  -  1  ) ; \
} \
\  ' '
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1  +  1 ; \
} \
#  F i n d  2 A ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S = ' e c h o  $ S E C O N D B A S E B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  F i n d  2 * ( S E C O N D B A S E R E S E R V E D B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n
M A X S E C O N D B A S E R E S E R V E B I T S = ' e c h o  $ S E C O N D B A S E R E S E R V E D B I T S  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  F i n d  N O R M A L I Z E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
N O R M A L I Z E R B I T S = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  $ 1  )  /  l o g { 2 . 0  )  )  +  1 ; \
} \
#  F i n d  D I G I T B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
D I G I T B I T S = ' e c h o  $ D I G I T S  |  $ C O M M A N D _ n a w k  ' \
{ \
a  =  (  $ 1  -  1  )  ;
i f (  a  = =  0  )  a  =  a  +  1  ;
a  =  l o g (  a  )  /  l o g ( 2 . 0  ) ; \
i f (  i n t (  a )  ! = a ) a = a + l ; \
p r i n t  (  i n t (  a  )  +  1  ) ; \
} \
#  R e m o v e  a n y  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
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#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  $ M A X S E C O N D B A S E R E S E R V E B I T S  $ B A S E  
$ I N T E R N A L B I T S  $ Z M O D E  >  / t m p / r a w . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e
R O W S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ w c  - 1  | $ C O M M A N D _ t r  - d  '  ' '
#  F i n d  t h e  n u m b e r  o f  u n i q u e  e n t r i e d  i n  t h e  t a b l e
A C T = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ c u t  - f 2  | $ C O M M A N D _ u n i q  | $ C O M M A N D _ w c  -  
1  | $ C O M M A N D _ t r  - d  '  ' '
#  S t o p  i f  t h e  t a b l e  d o e s  n o t  h a v e  u n i q u e  e n t r i e s  
i f  t e s t  $ A C T  - n e  $ R O W S ;  t h e n
e c h o  V i s i z e V  i s  t o o  s m a l l .  T a b l e  e n t r i e s  a r e  n o t  u n i q u e .  1 > & 2
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
e x i t
f i
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
B E S T F I R S T B A S E B I T S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{ \
m a x  =  - 1 0  0 0 0 ; \  
m i n  =  1 0 0  0 0  ; \
} \  
{ \
#  S e e  i f  i t  i s  a  n e w  m a x i m u m  
i f ( $ 3  >  m a x  )  m a x  =  $ 3 ; \
i f ( $ 3  <  m i n  )  m i n  =  $ 3 ; \
} \
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f ( m i n  <  0  ) \
{ \
m i n  =  -  m i n , - \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
m i n  =  l o g (  m i n  )  /  l o g (  2 . 0  ) ; \
i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
} \
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0  ;  \
} \
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f ( m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \  
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f (  m i n  >  m a x  )  m a x  =  m i n ; \
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} \
e l s e \
{ \
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
m a x  =  0 ; \
}\
#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x ; \
} \
#  I n d i c a t e  i f  f i r s t b a s e b i t s  s h o u l d  b e  a d j u s t e d
i f  t e s t  $ B E S T F I R S T B A S E B I T S  - n e  $ F I R S T B A S E B I T S ;  t h e n
e c h o  \ ' f i r s t b a s e b i t s \ '  s h o u l d  p r o b a b l y  b e  $ B E S T F I R S T B A S E B I T S ,  n o t  
$ F I R S T B A S E B I T S  f o r  t h e  g i v e n  p a r a m e t e r s .  1 > & 2  
e c h o  G e n e r a t i n g  t h e  t a b l e  a s  r e q u e s t e d .  1 > & 2
f i
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  R A L U T  e n t r i e s
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{ \
1 = 0 ; \
} \  
{ \
#  J u s t  p r i n t  t h e  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e  
i f (  $ 2  = =  0  )  \
{ \
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
c o n t  i n u e ;
} \
#  I f  n o t  t h e  f i r s t  l i n e ,  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a
i f  (  1  ) \
{ \
p r i n t  i n t (  (  $ 2  +  o 2  )  /  2  ) "  " $ 2 "  " $ 3 "  " $ 1 ; \
}\
e l s e \
{ \
#  I f  t h e  f i r s t  l i n e ,  r e m e m b e r  t h e  d a t a
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
f l  =  $ 1 ;  \  
f 2 = $ 2 ; \  
f  3  =  $ 3  ;  \
} \
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ 1 ; \
0 2  = $ 2  ; \
0 3  =  $ 3  ;  \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 = 1;
}\
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E N D \
{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  i n t (  ( f 2  *  2  +  0 2  )  /  2 ) "  " f 2 * 2 "  " f 3 + l "  " f l ; \
} \
' I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S P 1  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  
\
>  / t m p / b i t s . $ $
#  R e m o v e  w o r k  f i l e s
$  C O M M A N D _ r m  - f  / t m p / r a w . $  $
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $ T W O B I T M O D E " =  " 1 "  ] ;  t h e n
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " $ 2 " \ t " $ 3 " \ t " $ 4  ;  \
} \
'  >  / t m p / r a l u t . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t . $ $
f i
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  s i m u l a t i o n
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;  
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;  
p a r a m e t e r  s t a r t e r  =  $ s t a r t e r ;  
p a r a m e t e r  s t o p p e r  =  $ s t o p p e r ;
E N D P A R A M
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;
$ C O M M A N D _ c a t  $ T E M P L A T E _ s i m u l a t i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m = 0 ; \
1 = 0 ; \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{\
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m = $ 2 ; \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f ( m  = =  2  ) \
{\
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
}\  
}\
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f (  m  = =  3  ) \
{\
p r i n t  M O D U L E N A M E ; \
}\
m = 0 ;  \  
c o n t  i n u e ; \
}\
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
}\
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
p r i n t  $  0 ; \
}\ 
}\
} '  M O D U L E N A M E = s e r i a l n d i g i t q u i c k
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  i n t e r n a l b i t s  =  $ I N T E R N A L B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  $ S E C O N D B A S E R E S E R V E D B I T S ;
p a r a m e t e r  n o r m a l i z e r b i t s  =  $ N O R M A L I Z E R B I T S ;
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  d i g i t b i t s  =  $ D I G I T B I T S ;
E N D P A R A M
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ' $ C O M M A N D _ c k s u m  / t m p / r a l u t . $ $  | $ C O M M A N D _ n a w k  ' \
{\
p r i n t  $ 1 " $ 2 ; \
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} ' '
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1" ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  
$ C O M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t e r  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{\
m  =  0  ;  \
1 = 0 ; \
}\  
{\
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2 ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f ( m  = =  2  ) \
{\
f o r  ( i  =  0 ; i < l ; i  =  i  +  l ) \
{\
p r i n t  d a t a [ i ] ; \
}\  
}\
m  =  0  ;  \  
c o n t i n u e ; \
}\
e l s e \
( \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
}\
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e  (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
}\
p r i n t  b ; \
}\  
}\
} '  F I L E I D = $ F I L E I D
#  G e n e r a t e  s e p a r a t e s i g n  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s e p a r a t e
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#  G e n e r a t e  n o r m a l i z e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ n o r m a l i z e r
#  G e n e r a t e  v e r i l o g  c o d e  f o r  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t . $ $
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
B. 1.4.2 TEM PLATE_serialndigitquick.v
/ /  D e f i n e  S e r i a l  n  D i g i t  Q u i c k  C o n v e r s i o n  M o d u l e
m o d u l e  s e r i a l n d i g i t q u i c k (
C K ,
r e s e t ,  
a c t i v a t e ,  
i ,
r e a d y ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e  c o n d
) ;
/ /  D e f i n e  p a r a m e t e r s
/ /  i n p u t b i t s :  I n p u t  w o r d  s i z e  i n  b i t s
/ /  i n t e r n a l b i t s :  I n t e r n a l  w o r k i n g  b i t  s i z e  ( > =  i n p u t b i t s )
/ /  f i r s t b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  
/ /  s e c o n d b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
/ /  s e c o n d b a s e r e s e r v e d b i t s : N u m b e r  o f  b i t s  f o r  e x c l u s i o n  o n  t h e  s e c o n d b a s e  i n d e x  
/ /  n o r m a l i z e r b i t s : N u m b e r  o f  b i t s  f o r  s h i f t  f r o m  n o r m a l i z e r  
/ /  t w o b i t m o d e :  S i g n  m o d e  ( 1  f o r  t w o - b i t s ,  0  f o r  o n e - b i t )
/ /  d i g i t s :  N u m b e r  o f  d i g i t s
/ /  d i g i t b i t s :  N u m b e r  o f  b i t s  f o r  d i g i t  c o u n t e r  
- - M A G I C - -  2
/ /  I n t e r n a l  s h i f t e r  b i t s ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
/ /  S e t  i t  t o  f l o o r (  l o g (  m a x _ s h i f t t o t a l  )  /  l o g (  2 . 0  )  )  +  1  
p a r a m e t e r  s h i f t b i t s  =  n o r m a l i z e r b i t s  +  d i g i t b i t s ;
/ /  D e f i n e  p o r t s
/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
i n p u t  C K ;
/ /  R e s e t  i s  a c t i v e  h i g h  
i n p u t  r e s e t ;
/ /  I n p u t  w o r d  i n  2 ' s  c o m p l e m e n t  
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
/ /  S e t  t o  1  t o  r u n  c o n v e r s t i o n  o n  i n p u t  
i n p u t  a c t i v a t e ;
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/ /  I s  s e t  t o  1  w h e n  o u t p u t  d a t a  i s  r e a d y  
o u t p u t  r e a d y ;  
r e g  r e a d y ;
/ /  O u t p u t  S i g n s  ( c o n c a t e n a t e d )
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;  
r e g  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;
/ /  O u t p u t  B i n a r y  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;  
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;
/ /  O u t p u t  O t h e r B a s e  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  -  1  :  0  ]  o u t p u t _ s e c o n d ;
r e g  [  i n p u t b i t s  - 1 : 0 ]  s e p _ m a n i n ;  
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  s e p _ m a n o u t ;  
w i r e  [  t w o b i t m o d e  : 0  ]  s e p _ s i g n o u t ;
s e p a r a t e s i g n _ n o c l k
# (
i n p u t b i t s ,
i n t e r n a l b i t s ,




s e p _ m a n i n ,  
s e p _ m a n o u t ,  
s e p _ s i g n o u t
) ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
r e g  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n i n ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  n o r m _ m a n o u t ;
w i r e  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n o u t ;
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,
n o r m a l i z e r b i t s ,




n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
) ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  r a l u t _ m a n i n ;
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t ;
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w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d ;
r a l u t 3 _ % M A G I C d % _ n o c l k
# (
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e
)
r a l u t
(
r a l u t _ m a n ,  
r a l u t _ f  i r s t ,  
r a l u t _ s e c o n d ,  
r a l u t _ m a n i n
)  ;
r e g  [  d i g i t b i t s  - 1 : 0 ]  c u r r e n t d i g i t ;
r e g  [  t w o b i t m o d e  : 0  ]  f i n a l _ s i g n [  0  : d i g i t s  -  1  ]  ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t [  0  : d i g i t s  -  1  ]  ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d [  0  : d i g i t s  -  1  ] ;
r e g  [  i n t e r n a l b i t s  : 0  ]  e r r o r _ l o w ,  e r r o r _ h i g h ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  t o t a l _ s h i f t ;
/ /  S t a t e  m a c h i n e  r e g i s t e r  
r e g  [ 1 : 0 ]  s t a t e ;
i n t e g e r  m a x _ s h i f t t o t a l ;
' i f d e f  D C
'  e l s e
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  I n i t i a l i z e  m a x _ s h i f t t o t a l  f o r  d a t a p a t h  o p t i m i z a t i o n  
m a x _ s h i f t t o t a l  =  0 ;
/ /  C h e c k  v a l i d i t y  o f  d i g i t s
i f (  d i g i t s  < =  0  )
b e g i n
$ d i s p l a y (  " !  N u m b e r  o f  d i g i t s  ( % d )  i n v a l i d . " ,  d i g i t s  ) ;  
$ s t o p ;  
e n d  
e n d  
' e n d i f
/ /  R e s e t  i n t e g e r  
i n t e g e r  j ;
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/ /  G i v e  S y n o p s y s  s o m e  h i n t s  o n  t h e  s y n t h e s i s  
/ / s y n o p s y s  s t a t e _ v e c t o r  s t a t e  
/ / s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n :  m a i n
/ /  S y n c h r o n o u s  R e s e t  a c t i v e  h i g h
i f (  r e s e t  )
b e g i n
/ /  R e s e t  s t a t e  m a c h i n e  
s t a t e  < =  0 ;
/ /  S e t  o u t p u t  t o  i n v a l i d  
r e a d y  < =  0 ;
/ /  S e t  t h e  c u r r e n t  w o r k i n g  d i g i t  t o  z e r o  
c u r r e n t d i g i t  < =  0 ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  
f o r (  j  =  0  ;  j  <  d i g i t s  ;  j  =  j  + 1 )  
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
e n d
e l s e
b e g i n
/ /  P r o c e s s  e a c h  s t a t e
c a s e ( s t a t e  )  / /  s y n o p s y s  p a r a l l e l _ c a s e  
0 :
b e g i n
/ /  C o n v e r s i o n  s t a r t s  i f  a c t i v a t e  l i n e  i s  h i g h
i f (  a c t i v a t e  )
b e g i n
/ /  L o a d  i n p u t  d a t a  i n t o  s i g n  s e p a r a t o r  
s e p _ m a n i n  < =  i ;
/ /  I n v a l i d a t e  o u t p u t  
r e a d y  < =  0 ;
$ d i s p l a y (  " C o n v e r s i o n  s t a r t s  f o r  % d " ,  i  ) ;
/ /  S e t  t h e  c u r r e n t  w o r k i n g  d i g i t  t o  z e r o  
c u r r e n t d i g i t  < =  0 ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  i n c a s e  c o n v e r s i o n  f i n i s h e s  e a r l y
f o r (  j  =  0  ;  j  <  d i g i t s  ;  j  =  j  +  1 )
b e g i n
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f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  1 ;
e n d
e l s e
b e g i n
/ /  N o  c o n v e r s i o n  s i g n a l ,  c o n t i n u e  l o o p i n g  
r e a d y  < =  1 ;
e n d
e n d
b e g i n
/ /  G e t  s i g n  a n d  d a t a  f r o m  s i g n  s e p a r a t o r ,  p u t  i t  i n  t o  t h e  n o r m a l i z e r  
n o r m _ s i g n i n  < =  s e p _ s i g n o u t ;  
n o r m _ m a n i n  < =  s e p _ m a n o u t ;
/ /  R e s e t  t o t a l  s h i f t  
t o t a l _ s h i f t  < =  0 ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  2 ;
e n d
b e g i n
i f (  t w o b i t m o d e  & &  n o r m _ s i g n o u t  = =  0  ) 
b e g i n
/ /  i n p u t  i s  z e r o ,  e n d  c o n v e r s i o n  
r e a d y  < =  1 ;  
s t a t e  < =  0 ;
e n d
e l s e
b e g i n
/ /  G e t  s h i f t  a n d  s i g n  f r o m  n o r m a l i z e r  
f i n a l _ s i g n [  c u r r e n t d i g i t  ]  < =  n o r m _ s i g n o u t ;  
t o t a l _ s h i f t  < =  t o t a l _ s h i f t  +  n o r m _ s h i f t ;
/ /  L o a d  R A L U T  w i t h  t h e  m a n t i s s a  
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  3 ;
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e n d  
e n d  
3  :
b e g i n  
' i f d e f  D C  
'  e l s e
i f ( t o t a l _ s h i f t  >  m a x _ s h i f t t o t a l )  
b e g i n
m a x _ s h i f t t o t a l  =  t o t a l _ s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t t o t a l  =  % d "  ,  m a x _ s h i f t t o t a l  ) ;  
e n d
' e n d i f
/ /  S a v e  t h e  a p p r o x i m a t i o n
f i n a l _ f i r s t [  c u r r e n t d i g i t  ]  < =  r a l u t _ f i r s t  -  t o t a l _ s h i f t ;  
f i n a l _ s e c o n d [  c u r r e n t d i g i t  ]  < =  r a l u t _ s e c o n d ;
/ /  i f  m a x  d i g i t s  r e a c h e d  e n d  c o n v e r s i o n  
i f (  c u r r e n t d i g i t  = =  d i g i t s  -  1  ) 
b e g i n
r e a d y  < =  1 ;  
s t a t e  < =  0 ;
e n d
e l s e
b e g i n
i f (  d i g i t s  >  1  ) 
b e g i n
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  r a l u t _ m a n i n  }  -  r a l u t _ m a n ;  
e r r o r _ h i g h  =  r a l u t _ m a n  -  {  2 ' b 0 1 ,  r a l u t _ m a n i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  r a l u t _ m a n i n  }  -  r a l u t _ m a n ;  
e r r o r _ h i g h  =  r a l u t _ m a n  -  {  1 ' b O ,  r a l u t _ m a n i n  } ;
e n d
i f (  e r r o r _ l o w [  i n t e r n a l b i t s  ]  ) 
b e g i n
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/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
n o r m _ m a n i n  < =  e r r o r _ h i g h [  i n t e r n a l b i t s  - 1 : 0 ] ;
e n d
e l s e
b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
n o r m _ m a n i n  < =  e r r o r _ l o w [  i n t e r n a l b i t s  -  1  :  0  ] ;
e n d
i f ( t w o b i t m o d e  )  
b e g i n
/ /  S e t  s i g n  f o r  d i g i t  b a s e d  o n  e r r o r  a n d  p r e v i o u s  
n o r m _ s i g n i n  < =  {  n o r m _ s i g n o u t [  t w o b i t m o d e  ]  A  e r r o r _ l o w [  
i n t e r n a l b i t s  ] ,  l ' b l  } ;
e n d
e l s e
b e g i n
/ /  S e t  s i g n  f o r  d i g i t  b a s e d  o n  e r r o r  a n d  p r e v i o u s  
n o r m _ s i g n i n  < =  n o r m _ s i g n o u t [  t w o b i t m o d e  ]  A  e r r o r _ l o w [  
i n t e r n a l b i t s  ] ;
e n d
/ /  I n c r e m e n t  d i g i t  p o i n t e r  
c u r r e n t d i g i t  < =  c u r r e n t d i g i t  +  1 ;
/ /  M o v e  t o  n o r m a l i z e r  s t a t e  




/ /  A l l  o t h e r  c a s e s ,  r e s e t  t h e  s t a t e  m a c h i n e
d e f a u l t :
b e g i n
s t a t e  < =  0 ;  
r e a d y  < =  0 ;
e n d
e n d c a s e
e n d
e n d  / /  a l w a y s
/ /  C o n c a t i n a t i o n  i n t e g e r  
i n t e g e r  k ;
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'  i f d e f  D C
/ /  F o r  s y n t h e s i s  
a l w a y s
' e l s e
/ /  F o r  s i m u l a t i o n  
a l w a y s  @ (  p o s e d g e  r e a d y  )
' e n d i f
b e g i n
/ /  C o n c a t i n a t e  o u t p u t s  f o r  u n i v e r s a l  a c c e s s  
f o r (  k  =  d i g i t s  -  l  ;  k  > =  0  ;  k  =  k  -  1  )  
b e g i n
o u t p u t _ s i g n  =  {  o u t p u t _ s i g n ,  f i n a l _ s i g n [  k  ]  } ;
o u t p u t _ f i r s t  =  {  o u t p u t _ f i r s t ,  f i n a l _ f i r s t [  k  ]  } ;
o u t p u t _ s e c o n d  =  {  o u t p u t _ s e c o n d ,  f i n a l _ s e c o n d [  k  ]  } ;
e n d
e n d
e n d m o d u l e
B.1.5 Serial High/Low 2-Digit Binary to 2DLNS
The Unix shell script for the serial high/low 2-digit converter uses the standard set of 
arguments with the exception o f the digits parameter. This design is more optimal then the 
«-digit high/low circuit as it is faster and uses less resources. Some stream processing is 
done to insert the conversion parameters.
Stream Element Processing Event
- -MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
B.l.5.1 makeserial2highlow.sh
# ! / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  2 - d i g i t  s e r i a l  h i g h / l o w  b i n a r y  t o  M D L N S  c o n v e r t e r
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i f  t e s t  $ #  - I t  6 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  i n p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  
s e c o n d b a s e r e s e r v e d b i t s  d i g i t s  e x t r a p r e c  z e r o f l a g "  1 > & 2
e c h o  " b a s e , f i l e =  n u m e r i c a l b a s e  o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " i n p u t b i t s =  n u m b e r o f b i t s  f o r  i n p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s =  n u m b e r o f b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  7 "  1 > & 2
e c h o  " s e c o n d b a s e b i t s =  n u m b e r o f b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1  > & 2
e c h o  " s e c o n d b a s e r e s e r v e d b i t s =  n u m b e r o f b i t s  f o r  t h e  e l i m i n a t e  f r o m  t h e
s e c o n d  b a s e  i n d e x "  1 > & 2
e c h o  " d i g i t s =  n u m b e r o f d i g i t s  t o  g e n e r a t e "  1 > & 2
e c h o  " e x t r a p r e c =  n u m b e r o f e x t r a  p r e c i s i o n  b i t s "  1 > & 2
e c h o  " z e r o f l a g =  - z  ( 2  b i t s i g n )  o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t e r = T E M P L A T E _ s e r i a l 2 d i g i t h i g h l o w . v  
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ s i m u l a t i o n _ s e r i a l . v  
T E M P L A T E _ s e p a r a t e = T E M P L A T E _ s e p a r a t e s i g n _ n o c l k . v  
T E M P L A T E _ n o r m a l i  z  e r = T E M P L A T E _ n o r m a l i  z e  r _ n o c l k . v
#  D e f i n e  t o o l s
C O M M A N D _ r a l u t = . / m a k e r a l u t . s h  
C O M M A N D _ t o b i n a r y = . / t o b i n a r y  
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ c a t = / u s r / b i n / c a t  
C O M M A N D _ r m = / u s r / b  i n / r m  
C O M M A N D _ w c = / u s r / b i n / w c  
C O M M A N D _ t r = / u s r / b i n / t r  
C O M M A N D _ c u t = / u s r / b i n / c u t  
C O M M A N D _ u n i q = / u s r / b i n / u n i q  
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
I N P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S E C O N D B A S E B X T S = $ 4
S  E  C O N D B A S  E R E  S  E R V E  D B I T S = $ 5
D I G I T S = $ 6
E X T R A P R E C = $  7
Z M O D E = $ 8
#  S t o p  i f  t h e  n u m b e r  o f  d i g i t s  i s  n o t  2  
i f  t e s t  $ D I G I T S  - n e  2 ;  t h e n
e c h o  T h i s  i s  o n l y  a  t w o - d i g i t  c o n v e r t e r .  1 > & 2
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e x i t
f  i
#  T h i s  i s  a  t w o  d i g i t  c o n v e r t e r  
d i g i t s = 2
#  F i n d  i n t e r n a l b i t s  f r o m  i n p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E R N A L B I T S = ' e c h o  $ I N P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  (  $ 1  +  $ 2  ) ; \
}\
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W O B I T M O D E = l
e l s e
i f  [  " $ Z M O D E "  =  " - z "  ] ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  ” $ Z M O D E "  =  " - n z "  ] ;  t h e n  
T W O B I T M O D E = 0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  F i n d  - 2 * ( I N P U T B I T S - 1 )  f o r  s i m u l a t i o n  s t a r t  
s t a r t e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  ( -  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  ) ; \
} \
#  F i n d  2 ^ ( I N P U T B I T S - 1 ) - 1  f o r  s i m u l a t i o n  s t o p  
s t o p p e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  -  1  ) ; \
} \
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h  
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1  +  1 ; \
} \
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#  F i n d  2 ^ ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S = ' e c h o  $ S E C O N D B A S E B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
X ' '
#  F i n d  2 A ( S E C O N D B A S E R E S E R V E D B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n
M A X S E C O N D B A S E R E S E R V E B I T S = ' e c h o  $ S E C O N D B A S E R E S E R V E D B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
X v
#  F i n d  N O R M A L I Z E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
N O R M A L I Z E R B I T S = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  $ 1  )  /  l o g (  2 . 0  )  )  +  1 ; \
} \
X **
#  R e m o v e  a n y  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  $ M A X S E C O N D B A S E R E S E R V E B I T S  $ B A S E  
$ I N T E R N A L B I T S  $ Z M O D E  >  / t m p / r a w . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e
R O W S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ w c  - 1  | $ C O M M A N D _ t r  - d  '  ' '
#  F i n d  t h e  n u m b e r  o f  u n i q u e  e n t r i e d  i n  t h e  t a b l e
A C T = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ c u t  - f 2  | $ C O M M A N D _ u n i q  | $ C O M M A N D _ w c  -  
1  | $ C O M M A N D _ t r  - d  '  ' '
#  S t o p 1 i f  t h e  t a b l e  d o e s  n o t  h a v e  u n i q u e  e n t r i e s  
i f  t e s t  $ A C T  - n e  $ R O W S ;  t h e n
e c h o  \ ' i s i z e \ '  i s  t o o  s m a l l .  T a b l e  e n t r i e s  a r e  n o t  u n i q u e .  1 > & 2
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
e x i t
f i
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
B E S T F I R S T B A S E B I T S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{ \
m a x  =  - 1 0 0 0 0 ; \  
m i n  =  1 0 0 0 0 ; \
} \  
{ \
#  S e e  i f  i t  i s  a  n e w  m a x i m u m  
i f (  $ 3  >  m a x  ) m a x  =  $ 3 ; \
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i f (  $ 3  <  m i n  )  m i n  =  $ 3 ; \
} \
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f (  m i n  <  0  ) \
{ \
m i n  =  -  m i n ; \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
m i n  =  l o g (  m i n  )  /  l o g (  2 . 0  ) ; \
i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
} \
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0 ; \
} \
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f (  m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \  
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f (  m i n  >  m a x  )  m a x  =  m i n ; \
} \
e l s e \
{ \
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
m a x  =  0 ; \
} \
#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x ; \
} \
#  I n d i c a t e  i f  f i r s t b a s e b i t s  s h o u l d  b e  a d j u s t e d
i f  t e s t  $ B E S T F I R S T B A S E B I T S  - n e  $ F I R S T B A S E B I T S ;  t h e n
e c h o  \ ' f i r s t b a s e b i t s \ '  s h o u l d  p r o b a b l y  b e  $ B E S T F I R S T B A S E B I T S ,  n o t  
$ F I R S T B A S E B I T S  f o r  t h e  g i v e n  p a r a m e t e r s .  1 > & 2  
e c h o  G e n e r a t i n g  t h e  t a b l e  a s  r e q u e s t e d .  1 > & 2
f i
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  R A L U T  e n t r i e s
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  > \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{ \
1 = 0 ; \
} \  
{ \
#  J u s t  p r i n t  t h e  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e
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i f (  $ 2  = =  0  )  \
{ \
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
c o n t i n u e ;
} \
#  I f  n o t  t h e  f i r s t  l i n e  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a  
i f  (  1  > \
{ \
p r i n t  o 2 "  " o 2 "  " o 3 "  " o l "  " $ 2 "  ” $ 3 "  " $ 1 ; \
} \
e l s e \
{ \
#  I f  t h e  f i r s t  l i n e ,  r e m e m b e r  t h e  d a t a
f l  =  $ 1 ; \  
f 2  =  $ 2  ;  \  
f 3  =  $ 3  ;  \
} \
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ 1 ;  \
0 2  = $ 2 ; \
0 3  =  $ 3  ;  \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 = 1;
} \
E N D \
{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  0 2 "  " o 2 "  " o 3 "  " o l "  " f 2 * 2 "  " f 3 + l "  " f l ; \
} \
' I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  
$ I N T E R N A L B I T S P I  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  \
>  / t m p / b i t s . $ $
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $  T W O B I T M O D E "  =  " 1 "  ]  ;  t h e n
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " s u b s t r ( $ 2 , 2 ) " \ t " $ 3 " \ t " $ 4 " \ t " $ 5 " \ t " $ 6 " \ t " $ 7 ; \
} \
'  >  / t m p / r a l u t . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t . $ $
f i
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
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#  M a k e  p a r a m e t e r  f i l e  f o r  s i m u l a t i o n  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;  
p a r a m e t e r  d i g i t s  =  $ d i g i t s ;
p a r a m e t e r  s t a r t e r  =  $ s t a r t e r ;  
p a r a m e t e r  s t o p p e r  =  $ s t o p p e r ;
E N D P A R A M
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
( e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s i m u l a t i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0  ;  \
1 = 0 ; \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
( \
m = $2 ; \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r (  i = 0  ;  i < l  ;  i  =  i  +  l  ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f ( m  = =  3  ) \
{ \
p r i n t  M O D U L E N A M E ; \
} \
m = 0 ; \  
c o n t  i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  l  ) \
{ \
d a t a  [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
p r i n t  $ 0 ; \
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} \  
} \
} '  M O D U L E N A M E = s e r i a l 2 d i g i t h i g h l o w
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  i n t e r n a l b i t s  =  $ I N T E R N A L B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  $ S E C O N D B A S E R E S E R V E D B I T S ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  $ N O R M A L I Z E R B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;
E N D P A R A M
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ' $ C O M M A N D _ c k s u m  / t m p / r a l u t . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
( e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t e r  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0 ;  \
1 = 0 ; \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2 ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \
} \
m = 0;  \  
c o n t i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
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{ \
d a t a [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
p r i n t  b ; \
} \  
} \
} '  F I L E I D = $ F I L E I D
#  G e n e r a t e  s e p a r a t e s i g n  c o d e
$ C 0 M M A N D _ c a t  $ T E M P L A T E _ s e p a r a t e
#  G e n e r a t e  n o r m a l i z e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ n o r m a l i z e r
#  G e n e r a t e  v e r i l o g  c o d e  f o r  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t . $ $
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
B. 1.5.2 TEMPLATE_serial2highlow.v
/ /  D e f i n e  S e r i a l  2  D i g i t  H i g h / L o w  C o n v e r s i o n  M o d u l e
m o d u l e  s e r i a l 2 d i g i t h i g h l o w (
C K ,
r e s e t ,  
a c t i v a t e ,  
i ,
r e a d y ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
)  ;
/ /  D e f i n e  p a r a m e t e r s
/ /  i n p u t b i t s :  I n p u t  w o r d  s i z e  i n  b i t s
/ /  i n t e r n a l b i t s :  I n t e r n a l  w o r k i n g  b i t  s i z e  ( > =  i n p u t b i t s )
/ /  f i r s t b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  
/ /  s e c o n d b a s e b i t s :  N u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
/ /  s e c o n d b a s e r e s e r v e d b i t s :  N u m b e r  o f  b i t s  f o r  e x c l u s i o n  o n  t h e  s e c o n d b a s e  i n d e x  
/ /  n o r m a l i z e r b i t s :  N u m b e r  o f  b i t s  f o r  s h i f t  f r o m  n o r m a l i z e r
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/ /  t w o b i t m o d e :  S i g n  m o d e  ( 1  f o r  t w o - b i t s ,  0  f o r  o n e - b i t )
- - M A G I C - -  2
/ /  D u m m y  p a r a m e t e r ,  s h o u l d  b e  f o r  t h e  n u m b e r  o f  d i g i t s  
p a r a m e t e r  d u m m y  =  2 ;
/ /  T h i s  i s  a  t w o  d i g i t  2 D L N S  c o n v e r t e r  
p a r a m e t e r  d i g i t s  =  2 ;
/ /  I n t e r n a l  c o m p a r i t o r  a c c u r a c y ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
p a r a m e t e r  s h i f t d i f f e r e n c e  =  2 0 ;
/ /  D e f i n e  p o r t s
/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
i n p u t  C K ;
/ /  R e s e t  i s  a c t i v e  h i g h  
i n p u t  r e s e t ;
/ /  I n p u t  w o r d  i n  2 ' s  c o m p l e m e n t  
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
/ /  S e t  t o  1  t o  r u n  c o n v e r s t i o n  o n  i n p u t  
i n p u t  a c t i v a t e ;
/ /  I s  s e t  t o  1  w h e n  o u t p u t  d a t a  i s  r e a d y  
o u t p u t  r e a d y ;  
r e g  r e a d y ;
/ /  O u t p u t  S i g n s  ( c o n c a t e n a t e d )
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;  
r e g  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;
/ /  O u t p u t  B i n a r y  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;  
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  -  1  :  0  ]  o u t p u t _ f i r s t ;
/ /  O u t p u t  O t h e r B a s e  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;  
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
r e g  [  i n p u t b i t s  - 1 : 0 ]  s e p _ m a n i n ;  
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  s e p _ m a n o u t ;  
w i r e  [  t w o b i t m o d e  :  0  ]  s e p _ s i g n o u t ;
s e p a r a t e s i g n _ n o c l k  
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  




s e p _ m a n i n ,  
s e p _ m a n o u t ,  
s e p _ s i g n o u t
)  ;
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r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
r e g  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n i n ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  n o r m _ m a n o u t ;
w i r e  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n o u t ;
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,
n o r m a l i z e r b i t s ,




n o r m _ m a n i n ,  
n o r m _ s i g n i n , 
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
)  ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  r a l u t _ m a n i n ;  
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  r a l u t _ m a n l o w ;  
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n h i g h ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t l o w ,  r a l u t _ f i r s t h i g h ;  
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d l o w ,  r a l u t _ s e c o n d h i g h ;
r a l u t 6 _ % M A G I C d % _ n o c l k
# (
i n t e r n a l b i t s  -  t w o b i t m o d e ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e
)
r a l u t
(
r a l u t _ m a n l o w ,  
r a l u t _ f i r s t l o w ,  
r a l u t _ s e c o n d l o w ,  
r a l u t _ m a n h i g h ,  
r a l u t _ f i r s t h i g h ,  
r a l u t _ s e c o n d h i g h ,  
r a l u t _ m a n i n
)  ;
r e g  [  t w o b i t m o d e  :  0  ]  f i n a l _ s i g n [  0  :  d i g i t s  -  1  ] ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t [  0  :  d i g i t s  -  1  ] ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d  [  0  :  d i g i t s  -  1  ] ;
r e g  [  t w o b i t m o d e  : 0  ]  o t h e r _ s i g n ;
r e g  [  f i r s t b a s e b i t s  -  1  : 0  ]  o t h e r _ f i r s t [  0  :  d i g i t s  -  1  ] ;  
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  o t h e r _ s e c o n d [  0  :  d i g i t s  -  1  ] ;
r e g  [  i n t e r n a l b i t s  :  0  ]  e r r o r _ l o w ,  e r r o r _ h i g h ,  o t h e r _ e r r o r ;
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r e g  [  n o r m a l i z e r b i t s  :  0  ]  o t h e r _ s h i f t d i f f e r e n c e ,  b e s t _ s h i f t d i f f e r e n c e ;  
r e g  [  n o r m a l i z e r b i t s  - 1 : 0 ]  o t h e r _ l a s t s h i f t ,  b e s t _ l a s t s h i f t ;  
r e g  [  i n t e r n a l b i t s  -  1  +  s h i f t d i f f e r e n c e  : 0  ]  o t h e r _ e r r o r c o m p a r e ,  
b e s t _ e r r o r c o m p a r e ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  b e s t _ e r r o r ;
r e g  [  n o r m a l i z e r b i t s  :  0  ]  b e s t _ s h i f t ,  o t h e r _ s h i f t ;
/ /  S t a t e  m a c h i n e  r e g i s t e r  
r e g  [ 3 : 0 ]  s t a t e ;
' i f d e f  D C
'  e l s e
/ /  F o r  s i m u l a t i o n  o p t i m i z e  t h e  b a r r e l  s h i f t e r  
i n t e g e r  m a x _ s h i f t d i f f e r e n c e ;
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  R e s e t  t h e  s h i f t d i f f e r e n c e  m a x i m u m  
m a x _ s h i f t d i f f e r e n c e  =  0 ;
/ /  S t o p  i f  m o r e  t h a n  2  d i g i t s  w e r e  p a s s e d  
i f (  d u m m y  ! =  d i g i t s  )  $ s t o p ;
e n d
'  e n d i f
/ /  R e s e t  i n t e g e r  
i n t e g e r  j ;
/ /  G i v e  S y n o p s y s  s o m e  h i n t s  o n  t h e  s y n t h e s i s  
/ / s y n o p s y s  s t a t e _ v e c t o r  s t a t e  
/ / s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "
a l w a y s  @ (  p o s e d g e  C K  )  
b e g i n :  m a i n
/ /  S y n c h r o n o u s  R e s e t  a c t i v e  h i g h
i f  (  r e s e t  )
b e g i n
/ /  R e s e t  s t a t e  m a c h i n e  
s t a t e  < =  0 ;
/ /  S e t  o u t p u t  t o  i n v a l i d  
r e a d y  < =  0 ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  
f o r (  j = 0 ; j < 2 ; j = j + l )  
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;
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f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
e n d
e l s e
b e g i n
/ /  P r o c e s s  e a c h  s t a t e  
c a s e (  s t a t e  )
0 :
b e g i n
/ /  C o n v e r s i o n  s t a r t s  i f  a c t i v a t e  l i n e  i s  h i g h
i f (  a c t i v a t e  )
b e g i n
/ /  L o a d  i n p u t  d a t a  i n t o  s i g n  s e p a r a t o r  
s e p _ m a n i n  < =  i ;
/ /  I n v a l i d a t e  o u t p u t  
r e a d y  < =  0 ;
$ d i s p l a y (  " C o n v e r s i o n  s t a r t s  f o r  % d " ,  i  ) ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  i n c a s e  c o n v e r s i o n  f i n i s h e s  e a r l y
f o r (  j = 0 ; j < 2 ; j = j + l )
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
e l s e
b e g i n
/ /  N o  c o n v e r s i o n  s i g n a l ,  c o n t i n u e  l o o p i n g  
r e a d y  < =  1 ;
e n d
e n d
1 :  b e g i n
/ /  G e t  s i g n  a n d  d a t a  f r o m  s i g n  s e p a r a t o r ,  p u t  i t  i n  t o  t h e  n o r m a l i z e r  
n o r m _ s i g n i n  < =  s e p _ s i g n o u t ;  
n o r m _ m a n i n  < =  s e p _ m a n o u t ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
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e n d  
2  :
b e g i n
i f (  t w o b i t m o d e  & &  n o r m _ s i g n o u t  = =  0  )  
b e g i n
/ /  i n p u t  i s  z e r o ,  e n d  c o n v e r s i o n  
r e a d y  < =  1 ;  
s t a t e  < =  0 ;
e n d
e l s e
b e g i n
/ /  G e t  s h i f t  a n d  s i g n  f r o m  n o r m a l i z e r  
f i n a l _ s i g n [  0  ] < =  n o r m _ s i g n o u t ;
o t h e r _ s h i f t  < =  n o r m _ s h i f t ;
/ /  L o a d  R A L U T  w i t h  t h e  m a n t i s s a  
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;
/ /  M o v e  t o  n e x t  s t a t e  




b e g i n
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  r a l u t _ m a n i n  }  -  {  2 ' b 0 1 ,  r a l u t _ m a n l o w  } ;  
o t h e r _ e r r o r  =  r a l u t _ m a n h i g h  -  {  2 ' b 0 1 ,  r a l u t _ m a n i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  r a l u t _ m a n i n  }  -  {  1 ' b O ,  r a l u t _ m a n l o w  } ;  
o t h e r _ e r r o r  =  r a l u t _ m a n h i g h  -  {  1 ' b O ,  r a l u t _ m a n i n  } ;
e n d
/ /  L o a d  n o r m a l i z e r  w i t h  l o w  e r r o r  a n d  s i g n  o f  i n p u t  ( t o  d e t e r m i n e  i f  i t  
i s  z e r o )
n o r m _ m a n i n  < =  e r r o r _ l o w [  i n t e r n a l b i t s  -  1  :  0  ]  ;  
n o r m _ s i g n i n  < =  f i n a l _ s i g n [  0  ] ;
/ /  S a v e  t h e  l o w  a p p r o x i m a t i o n  a s  t h e  c u r r e n t  r e s u l t  
f i n a l _ f i r s t [  0  ]  < =  r a l u t _ f i r s t l o w  -  o t h e r _ s h i f t ;  
f i n a l _ s e c o n d [  0  ]  < =  r a l u t _ s e c o n d l o w ;
/ /  R e m e m b e r  t h e  h i g h  a p p r o x i m a t i o n  f o r  l a t e r  
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o t h e r _ f i r s t [  0  ]  < =  r a l u t _ f i r s t h i g h  -  o t h e r _ s h i f t ;  
o t h e r _ s e c o n d [  0  ]  < =  r a l u t _ s e c o n d h i g h ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
b e g i n
/ /  F i n d  t h e  s e c o n d  d i g i t  f o r  t h e  l o w  a p p r o x i m a t i o n
i f (  t w o b i t m o d e  & &  n o r m _ s i g n o u t  = =  0  )
b e g i n
/ /  E r r o r  i s  z e r o ,  e n d  c o n v e r s i o n  
r e a d y  < =  1 ;  
s t a t e  < =  0 , -
e n d
e l s e
b e g i n
/ /  S e t  o u t p u t  s i g n  
f i n a l _ s i g n [  1  ]  < =  n o r m _ s i g n o u t ;
/ /  S a v e  a c c u m u l a t e d  s h i f t
b e s t _ s h i f t  < =  o t h e r _ s h i f t  +  n o r m _ s h i f t ;
/ /  L o a d  R A L U T
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
e n d
b e g i n
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  RALUT o u t p u t s  a n d  t h e  i n p u t
/ /  W e  d o  t h i s  s i n c e  w e  o n l y  h a v e  o n e  R A L U T ,  w e  h a v e  t o  f i n d  i f  t h e  l o w
/ /  o r  t h e  h i g h  a p p r o x i m a t i o n  i s  b e s t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  r a l u t _ m a n i n  }  -  {  2 ' b 0 1 ,  r a l u t _ m a n l o w  } ;  
e r r o r _ h i g h  =  r a l u t _ m a n h i g h  -  {  2 ' b 0 1 ,  r a l u t _ m a n i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  r a l u t _ m a n i n  }  -  {  1 ' b O ,  r a l u t _ m a n l o w  } ;  
e r r o r _ h i g h  =  r a l u t _ m a n h i g h  -  {  1 ' b O ,  r a l u t _ m a n i n  } ;
e n d
/ /  S e t  t h e  c u r r e n t  r e s u l t  a s  t h e  b e s t  a p p r o x i m a t i o n
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i f (  e r r o r _ l o w  <  e r r o r _ h i g h  ) 
b e g i n
f i n a l _ f i r s t  [  1  ]  < =  r a l u t _ f i r s t l o w  -  b e s t _ s h i f t ;  
f i n a l _ s e c o n d [  1  ]  < =  r a l u t _ s e c o n d l o w ;  
b e s t _ e r r o r  < =  e r r o r _ l o w ;
e n d
e l s e
b e g i n
f i n a l _ f i r s t  [  1  ]  < =  r a l u t _ f i r s t h i g h  -  b e s t _ s h i f t ;  
f i n a l _ s e c o n d [  1  ]  < =  r a l u t _ s e c o n d h i g h ;  
b e s t _ e r r o r  < =  e r r o r _ h i g h ;
e n d
/ /  L o a d  n o r m a l i z e r  w i t h  h i g h  e r r o r  f r o m  b e f o r e  a n d  s i g n  o f  - 1  
n o r m _ m a n i n  < =  o t h e r _ e r r o r [  i n t e r n a l b i t s  -  1  :  0  ] ;
i f (  t w o b i t m o d e  )  
b e g i n
i f (  f i n a l _ s i g n [  0  ]  = =  1  )  
b e g i n
n o r m _ s i g n i n  < =  2 ' b l l ;
e n d
e l s e
b e g i n
n o r m _ s i g n i n  < =  2 ' b 0 1 ;
e n d
e n d
e l s e
b e g i n
n o r m _ s i g n i n  < =  ~ f i n a l _ s i g n [  0  ] ;  
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
6 :
b e g i n
/ /  S a v e  a c c u m u l a t e d  s h i f t  a n d  s i g n  
o t h e r _ s h i f t  < =  o t h e r _ s h i f t  +  n o r m _ s h i f t ;  
o t h e r _ s i g n  < =  n o r m _ s i g n o u t ;
/ /  L o a d  R A L U T
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;
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/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
b e g i n
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f ( t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  r a l u t _ m a n i n  }  -  {  2 ' b 0 1 ,  r a l u t _ m a n l o w  } ;  
e r r o r _ h i g h  =  r a l u t _ m a n h i g h  -  {  2 ' b 0 1 ,  r a l u t _ m a n i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  r a l u t _ m a n i n  }  -  {  1 ' b O ,  r a l u t _ m a n l o w  } ;  
e r r o r _ h i g h  =  r a l u t _ m a n h i g h  -  {  1 ' b O ,  r a l u t _ m a n i n  } ;
e n d
/ /  S t o r e  t h i s  r e s u l t  t e m p o r a r i l y  
i f  (  e r r o r _ l o w  <  e r r o r _ h i g h  )  
b e g i n
o t h e r _ f i r s t [  1  ]  < =  r a l u t _ f i r s t l o w  -  o t h e r _ s h i f t ;  
o t h e r _ s e c o n d [  1  ]  < =  r a l u t _ s e c o n d l o w ;  
o t h e r _ e r r o r  < =  e r r o r _ l o w ;
e n d
e l s e
b e g i n
o t h e r _ f i r s t [  1  ]  < =  r a l u t _ f i r s t h i g h  -  o t h e r _ s h i f t ;  
o t h e r _ s e c o n d [  1  ]  < =  r a l u t _ s e c o n d h i g h ;  
o t h e r _ e r r o r  < =  e r r o r _ h i g h ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
b e g i n
/ /  F i n d  t h e  d i f f e r e n c e  i n  s h i f t s  b e t w e e n  t h e  t w o  a p p r o x i m a t i o n s  
o t h e r _ s h i f t d i f f e r e n c e  =  o t h e r _ s h i f t  -  b e s t _ s h i f t ;  
b e s t _ s h i f t d i f f e r e n c e  =  b e s t _ s h i f t  -  o t h e r _ s h i f t ;
i f f  o t h e r _ s h i f t d i f f e r e n c e [  n o r m a l i z e r b i t s  ]  = =  1 ' b O  ) 
b e g i n
/ /  h i g h  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
o t h e r _ l a s t s h i f t  < =  o t h e r _ s h i f t d i f f e r e n c e ;
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b e s t _ l a s t s h i f t  < =  0 ;
e n d
e l s e
b e g i n
/ /  l o w  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
o t h e r _ l a s t s h i f t  < =  0 ;
b e s t _ l a s t s h i f t  < =  b e s t _ s h i f t d i f f e r e n c e ;  
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
9 :
b e g i n  
' i f d e f  D C
/ /  F o r  s y n t h s i s  d o  n o t  d o  t h i s  
'  e l s e
/ /  F i n d  t h e  m a x i m u m  s h i f t  t o  m i n i m i z e  t h e  h a r d w a r e
i f (  b e s t _ s h i f t  ! =  0  ) 
b e g i n
i f (  o t h e r _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  ) 
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  o t h e r _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d
i f (  b e s t _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  )  
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  b e s t _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d  
e n d
' e n d i f
/ /  S h i f t  b o t h  e r r o r s  a c c o r d i n g l y
o t h e r _ e r r o r c o m p a r e  =  (  o t h e r _ e r r o r  < <  s h i f t d i f f e r e n c e  )  > >  
o t h e r _ l a s t s h i f t ;
b e s t _ e r r o r c o m p a r e  =  ( b e s t _ e r r o r  < <  s h i f t d i f f e r e n c e  )  > >  b e s t _ l a s t s h i f t ;  
/ /  C o m p a r e
i f (  o t h e r _ e r r o r c o m p a r e  <  b e s t _ e r r o r c o m p a r e  )  
b e g i n
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/ /  H i g h e r  a p p r o x i m a t i o n  i s  b e t t e r ,  m o v e  i n t o  o u t p u t  r e s u l t s
f i n a l _ f i r s t [  0  ]  < =  o t h e r _ f i r s t [  0  ] ;
f i n a l _ s e c o n d [  0  ]  < =  o t h e r _ s e c o n d [  0  ] ;
f i n a l _ s i g n [  1  ]  < =  o t h e r _ s i g n ;
f i n a l _ f i r s t [  1  ]  < =  o t h e r _ f i r s t [  1  ] ;
f i n a l _ s e c o n d [  1  ]  < =  o t h e r _ s e c o n d [  1  ] ;
e n d
/ /  C o n v e r s i o n  c o m p l e t e  
r e a d y  < =  1 ;  
s t a t e  < =  0 ;
e n d
/ /  A l l  o t h e r  c a s e s ,  r e s e t  t h e  s t a t e  m a c h i n e
d e f a u l t :
b e g i n
s t a t e  < =  0 ;  
r e a d y  < =  0 ;
e n d
e n d c a s e
e n d
e n d  / /  a l w a y s
' i f d e f  D C
/ /  F o r  s y n t h e s i s  
a l w a y s
'  e l s e
/ /  F o r  s i m u l a t i o n  
a l w a y s  @ (  p o s e d g e  r e a d y  )
' e n d i f
b e g i n
/ /  C o n c a t i n a t e  o u t p u t s  f o r  u n i v e r s a l  a c c e s s
o u t p u t _ s i g n  =  {  f i n a l _ s i g n [  1  ] ,  f i n a l _ s i g n [  0  ]  } ;  
o u t p u t _ f i r s t  =  {  f i n a l _ f i r s t [  1  ] ,  f i n a l _ f i r s t [  0  ]  } ;  
o u t p u t _ s e c o n d  =  {  f i n a l _ s e c o n d [  1  ] ,  f i n a l _ s e c o n d [  0  ]  } ;
e n d
e n d m o d u l e
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B.1.6 Serial High/Low w-Digit Binary to 2DLNS
The Unix shell script for the serial high/low «-digit converter uses the standard set of 
arguments. This design is optimal for more than 2 digits. Some stream processing is done 
to insert the conversion parameters.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
B.l.6.1 makeserialndigithighlow.sh
# ! / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  n - d i g i t  s e r i a l  h i g h / l o w  b i n a r y  t o  M D L N S  c o n v e r t e r  
i f  t e s t  $ #  - I t  7 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  i n p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  
s e c o n d b a s e r e s e r v e d b i t s  d i g i t s  e x t r a p r e c  z e r o f l a g "  1 > & 2
e c h o  " b a s e , f i l e =  n u m e r i c a l b a s e o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " i n p u t b i t s =  n u m b e r o f b i t s f o r  i n p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s =  n u m b e r o f b i t s f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s =  n u m b e r o f b i t s f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1 > & 2
e c h o  " s e c o n d b a s e r e s e r v e d b i t s =  n u m b e r o f b i t s f o r  t h e  e l i m i n a t e  f r o m  t h e
s e c o n d  b a s e  i n d e x "  1 > & 2
e c h o  " d i g i t s =  n u m b e r o f d i g i t s  t o  g e n e r a t e "  1 > & 2
e c h o  " e x t r a p r e c =  n u m b e r o f e x t r a . p r e c i s i o n  b i t s "  1 > & 2
e c h o  " z e r o f l a g =  - z  ( 2  b i t s i g n ) o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t e r = T E M P L A T E _ s e r i a l n d i g i t h i g h l o w . v  
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ s i m u l a t i o n _ s e r i a l . v  
T E M P L A T E _ s e p a r a t e = T E M P L A T E _ s e p a r a t e s i g n _ n o c l k . v  
T E M P L A T E _ n o r m a l i z e r = T E M P L A T E _ n o r m a l i z e r _ n o c l k . v
#  D e f i n e  t o o l s
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C O M M A N D _ r a l u t = . / m a k e r a l u t . s h
C O M M A N D _ t o b i n a r y = . / t o b i n a r y
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e
C O M M A N D _ n a w k = / u s  r / b  i n / n a w k
C O M M A N D _ c a t = / u s r / b i n / c a t
C O M M A N D _ _ r m = / u s r / b i n / r m
C O M M A N D _ w c = / u s r / b i n / w c
C O M M A N D _ t r = / u s r / b i n / t r
C O M M A N D _ c u t = / u s r / b i n / c u t
C O M M A N D _ u n i q = / u s r / b i n / u n i q
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
I N P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S E C 0 N D B A S E B I T S = $ 4
S E C 0 N D B A S E R E S E R V E D B I T S = $ 5
D I G I T S = $ 6
E X T R A P R E C = $ 7
Z M 0 D E = $ 8
#  F i n d  i n t e r n a l b i t s  f r o m  i n p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E R N A L B I T S = ' e c h o  $ I N P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  ( $ 1  +  $ 2  )  ;  \
} \
#  D e t e r m i n e  s i g n  m o d e
i f  t  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W 0 B I T M 0 D E = 1
e l s e
i f  [  " $ Z M O D E "  =  "-z" ] ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  ” $ Z M O D E "  =  « - n z "  ] ;  t h e n  
T W O B I T M O D E =  0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  F i n d  - 2 * ( I N P U T B I T S - 1 )  f o r  s i m u l a t i o n  s t a r t  
s t a r t e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  ( -  e x p ( (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  ) ; \
} \
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#  F i n d  2 ^ ( I N P U T B I T S - 1 ) - 1  f o r  s i m u l a t i o n  s t o p  
s t o p p e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  e x p ( (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  -  1  ) ; \
}\
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h  
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1  +  1 ;  \
} \
#  F i n d  2 ^ ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S = ' e c h o  $ S E C O N D B A S E B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
}\
#  F i n d  2 A ( S E C O N D B A S E R E S E R V E D B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n
M A X S E C O N D B A S E R E S E R V E B I T S = ' e c h o  $ S E C O N D B A S E R E S E R V E D B I T S  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  e x p ( (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  F i n d  N O R M A L I Z E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
N O R M A L I Z E R B I T S = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  $ 1  )  /  l o g ( 2 . 0  )  )  +  1 ; \
} \
#  F i n d  L E V E L B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
L E V E L B I T S = ' e c h o  $ D I G I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  $ 1  -  1  )  /  l o g (  2 . 0  )  )  +  1 ; \
}\
#  F i n d  P O I N T E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
P O I N T E R B I T S = ' e c h o  $ D I G I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  (  $ 1  -  1  )  *  2  )  /  l o g (  2 . 0  )  )  +  1 ; \
}\
#  R e m o v e  a n y  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  $ M A X S E C O N D B A S E R E S E R V E B I T S  $ B A S E  
$ I N T E R N A L B I T S  $ Z M O D E  >  / t m p / r a w . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e
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R O W S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ w c  - 1  | $ C O M M A N D _ t r  - d  '  ' '
#  F i n d  t h e  n u m b e r  o f  u n i q u e  e n t r i e d  i n  t h e  t a b l e
A C T = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ c u t  - f 2  | $ C O M M A N D _ u n i q  | $ C O M M A N D _ w c  -  
1  | $ C O M M A N D _ t r  - d  '  ' '
#  S t o p  i f  t h e  t a b l e  d o e s  n o t  h a v e  u n i q u e  e n t r i e s  
i f  t e s t  $ A C T  - n e  $ R O W S ;  t h e n
echo  V i s i z e V  i s  t o o  s m a l l .  T a b l e  e n t r i e s  a r e  n o t  u n i q u e .  1 > & 2
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
e x i t
f i
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
B E S T F I R S T B A S E B I T S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{\
m a x  =  - 1 0 0 0 0 ; \  
m i n  =  1 0 0 0 0 ; \
}\  
{\
#  S e e  i f  i t  i s  a  n e w  m a x i m u m  
i f (  $ 3  >  m a x  )  m a x  =  $ 3 ; \
i f (  $ 3  <  m i n  )  m i n  =  $ 3 ; \
}\
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f (  m i n  <  0  ) \
{ \
m i n  =  -  m i n ; \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
m i n  =  l o g (  m i n  )  /  l o g (  2 . 0  ) ; \
i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
}\
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0 ; \
}\
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f (  m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f (  m i n  >  m a x  )  m a x  =  m i n ; \
}\
e l s e \
{ \  _
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
max = 0 ; \
}\
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#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x ; \
}\
#  I n d i c a t e  i f  f i r s t b a s e b i t s  s h o u l d  b e  a d j u s t e d
i f  t e s t  $ B E S T F I R S T B A S E B I T S  - n e  $ F I R S T B A S E B I T S ;  t h e n
e c h o  \ ' f i r s t b a s e b i t s \ '  s h o u l d  p r o b a b l y  b e  $ B E S T F I R S T B A S E B I T S ,  n o t  
$ F I R S T B A S E B I T S  f o r  t h e  g i v e n  p a r a m e t e r s .  1 > & 2  
e c h o  G e n e r a t i n g  t h e  t a b l e  a s  r e q u e s t e d .  1 > & 2
f i
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  R A L U T  e n t r i e s
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{ \
1 = 0 ; \
}\ 
{ \
#  J u s t  p r i n t  t h e .  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e  
i f (  $ 2  = =  0  ) \
{\
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
c o n t i n u e ;
}\
#  I f  n o t  t h e  f i r s t  l i n e  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a
i f (  1  > \
{\
p r i n t  o 2 "  " o 2 "  " o 3 "  " o l "  " $ 2 "  " $ 3 "  " $ 1 ; \
}\
e l s e \
{\
#  I f  t h e  f i r s t  l i n e ,  r e m e m b e r  t h e  d a t a
f l  =  $ 1 ; \  
f 2 = $ 2 ; \  
f 3  =  $ 3  ;  \
}\
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ 1 ; \
0 2  = $ 2  ; \
0 3  =  $ 3  ;  \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 = 1;
}\
E N D \
{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  o 2 "  " o 2 "  " o 3 "  " o l "  " f 2 * 2 "  " f 3 + l "  " f l ; \
}\
' I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S
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$ I N T E R N A L B I T S P I  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  \
>  / t m p / b i t s . $ $
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $  T W O B I T M O D E " =  " 1 "  ]  ;  t h e n
$ C O M M A N D _ _ c a t  / t m p / b i t s .  $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " s u b s t r ( $ 2 , 2 ) " \ t " $ 3 " \ t " $ 4 " \ t " $ 5 " \ t " $ 6 " \ t " $ 7 ; \
}\
'  >  / t m p / r a l u t . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t . $ $
f i
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  s i m u l a t i o n  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;  
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  s t a r t e r  =  $ s t a r t e r ;  
p a r a m e t e r  s t o p p e r  =  $ s t o p p e r ;
E N D P A R A M
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1"  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a  t  $ T E M P L A T E _ s  i m u l a t  i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{\
m = 0;  \
1 = 0 ; \
}\  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f ( $ 1  = =  " - - M A G I C - - "  ) \
{\
m  =  $ 2  ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{\
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
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e l s e  i f (  m  = =  2  ) \
{\
f o r ( i = 0 ; i < l ; i = i + l ) \
{\
p r i n t  d a t a [ i ] ; \
}\ 
}\
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f (  m  = =  3  ) \
{\
p r i n t  M O D U L E N A M E ; \
}\
m  =  0  ;  \  
c o n t i n u e ; \
}\
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
}\
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{\
p r i n t  $ 0 ; \
} \  
} \
} '  M O D U L E N A M E = s e r i a l n d i g i t h i g h l o w
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  i n t e r n a l b i t s  =  $ I N T E R N A L B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  $ S E C O N D B A S E R E S E R V E D B I T S ;
p a r a m e t e r  n o r m a l i z e r b i t s  =  $ N O R M A L I Z E R B I T S ;
p a r a m e t e r  t w o b i t m o d e  =  $ T W 0 B I T M 0 D E ;
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  l e v e l b i t s  =  $ L E V E L B I T S ;
p a r a m e t e r  p o i n t e r b i t s  =  $ P O I N T E R B I T S ;
E N D P A R A M
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = " $ C O M M A N D _ c k s u m  / t m p / r a l u t . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
( e c h o  " - - M A G I C - -  1"  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t e r  )  | $ C O M M A N D _ n a w k  > \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t
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B E G I N \
{ \
m  =  0  ;  \
1 = 0 ; \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2  ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f ( m  <  2  ) \
{ \
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
m = 0 ;  \  
c o n t i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $ 0 ; \
1  =  1  +  l ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r t  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
p r i n t  b ; \
} \  
} \
} '  F I L E I D = $ F I L E I D
#  G e n e r a t e  s e p a r a t e s i g n  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s e p a r a t e
#  G e n e r a t e  n o r m a l i z e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ n o r m a l i z e r
#  G e n e r a t e  v e r i l o g  c o d e  f o r  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t . $ $
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#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
B. 1.6.2 TEMPLATE_serialndigithighlow.v
/ /  D e f i n e  S e r i a l  n - D i g i t  H i g h / L o w  C o n v e r s i o n  M o d u l e
m o d u l e  s e r i a l n d i g i t h i g h l o w (
C K ,
r e s e t ,
a c t i v a t e ,
i ,
r e a d y ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
)  ;
/ /  D e f i n e  p a r a m e t e r s
/ /  i n p u t b i t s :  I n p u t  w o r d  s i z e  i n  b i t s
/ /  i n t e r n a l b i t s :  I n t e r n a l  w o r k i n g  b i t  s i z e  ( > =  i n p u t b i t s )
/ /  f i r s t b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  
/ /  s e c o n d b a s e b i t s :  N u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
/ /  s e c o n d b a s e r e s e r v e d b i t s :  N u m b e r  o f  b i t s  f o r  e x c l u s i o n  o n  t h e  s e c o n d b a s e  i n d e x  
/ /  n o r m a l i z e r b i t s : N u m b e r  o f  b i t s  f o r  s h i f t  f r o m  n o r m a l i z e r  
/ /  t w o b i t m o d e :  S i g n  m o d e  ( 1  f o r  t w o - b i t s ,  0  f o r  o n e - b i t )
- - M A G I C - -  2
/ /  I n t e r n a l  s h i f t e r  b i t s ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
/ /  S e t  i t  t o  f l o o r (  l o g (  m a x _ s h i f t t o t a l  )  /  l o g (  2 . 0  )  )  +  1  
p a r a m e t e r  s h i f t b i t s  =  n o r m a l i z e r b i t s  +  l e v e l b i t s ;
/ /  I n t e r n a l  c o m p a r i t o r  a c c u r a c y ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
/ /  S e t  i t  t o  m a x _ s h i f t d i f f e r e n c e  
p a r a m e t e r  s h i f t d i f f e r e n c e  =  2 0 ;
/ /  D e f i n e  p o r t s
/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
i n p u t  C K ;
/ /  R e s e t  i s  a c t i v e  h i g h  
i n p u t  r e s e t ;
/ /  I n p u t  w o r d  i n  2 ' s  c o m p l e m e n t  
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
/ /  S e t  t o  1  t o  r u n  c o n v e r s t i o n  o n  i n p u t  
i n p u t  a c t i v a t e ;
/ / I s  s e t  t o  1  w h e n  o u t p u t  d a t a  i s  r e a d y  
o u t p u t  r e a d y ;
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r e g  r e a d y ;
/ /  O u t p u t  S i g n s  ( c o n c a t e n a t e d )
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;  
r e g  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;
/ /  O u t p u t  B i n a r y  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;  
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;
/ /  O u t p u t  O t h e r B a s e  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;  
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
r e g  [  i n p u t b i t s  - 1 : 0 ]  s e p _ m a n i n ;  
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  s e p _ m a n o u t ;  
w i r e  [  t w o b i t m o d e  :  0  ]  s e p _ s i g n o u t ;
s e p a r a t e s i g n _ n o c l k  
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  




s e p _ m a n i n ,  
s e p _ m a n o u t ,  
s e p _ s i g n o u t
)  ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
r e g  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n i n ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  n o r m _ m a n o u t ;
w i r e  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n o u t ;
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,
n o r m a l i z e r b i t s ,




n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
)  ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  r a l u t _ m a n i n ;  
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  r a l u t _ m a n l o w ;  
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n h i g h ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t l o w ,  r a l u t _ f i r s t h i g h ;  
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d l o w ,  r a l u t _ s e c o n d h i g h ;
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
494
University o f  W indsor
r a l u t 6 _ % M A G I C d % _ n o c l k  
# (
i n t e r n a l b i t s  -  t w o b i t m o d e ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e
)
r a l u t
(
r a l u t _ m a n l o w ,
r a l u t _ f  i r s t l o w ,
r a l u t _ s e c o n d l o w ,
r a l u t _ m a n h i g h ,
r a l u t _ f i r s t h i g h ,
r a l u t _ s e c o n d h i g h ,
r a l u t _ m a n i n
)  ;
r e g  [  t w o b i t m o d e  :  0  ]  f i n a l _ s i g n [  0  : d i g i t s  -  1  ] ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t [  0  :  d i g i t s  -  1  ]  ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d [  0  :  d i g i t s  -  1  ] ;
p a r a m e t e r  m a x p o i n t e r  =  (  d i g i t s  -  1  )  * 2 - 1 ;
r e g  [  t w o b i t m o d e  :  0  ]  c u r r e n t _ s i g n ;
r e g  [  f i r s t b a s e b i t s  -  1  : 0  ]  c u r r e n t _ f i r s t ;
r e g  [  s e c o n d b a s e b i t s  -  1  : 0  ]  c u r r e n t _ s e c o n d ;
r e g  [  t w o b i t m o d e  : 0  ]  s t a c k _ s i g n [  0  :  m a x p o i n t e r  ] ,  s t a c k _ c h i l d s i g n [  0  :
m a x p o i n t e r  ] ;
r e g  [  f i r s t b a s e b i t s  -  1  : 0  ]  s t a c k _ f i r s t [  0  :  m a x p o i n t e r  ] ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s t a c k _ s e c o n d [  0  :  m a x p o i n t e r  ] ;
r e g  [  i n t e r n a l b i t s  :  0  ]  s t a c k _ e r r o r [  0  :  m a x p o i n t e r  ] ;  
r e g  [  n o r m a l i z e r b i t s  :  0  ]  s t a c k _ s h i f t [  0  :  m a x p o i n t e r  ] ;  
r e g  [  l e v e l b i t s  - 1 : 0 ]  s t a c k _ l e v e l [  0  :  m a x p o i n t e r  ] ;  
r e g  s t a c k _ p r o c e s s e d  [  0 :  m a x p o i n t e r  ]  ;
r e g  [  i n t e r n a l b i t s  :  0  ]  e r r o r _ l o w ,  e r r o r _ h i g h ,  c u r r e n t _ e r r o r ,  b e s t _ e r r o r ;
r e g  [  n o r m a l i z e r b i t s  :  0  ]  c u r r e n t _ s h i f t d i f f e r e n c e ,  b e s t _ s h i f t d i f f e r e n c e ;
r e g  [  n o r m a l i z e r b i t s  - 1 : 0 ]  c u r r e n t _ l a s t s h i f t ,  b e s t _ l a s t s h i f t ;
r e g  [  i n t e r n a l b i t s  -  1  +  s h i f t d i f f e r e n c e  : 0  ]  c u r r e n t _ e r r o r c o m p a r e ,
b e s t _ e r r o r c o m p a r e ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  b e s t _ s h i f t ,  c u r r e n t _ s h i f t ;
r e g  [ l e v e l b i t s  - 1 : 0 ]  l e v e l ,  f i n a l  p o i n t ;
r e g  [  p o i n t e r b i t s  - 1 : 0 ]  e x t r a c t _ p o i n t ,  p o i n t e r ;
/ /  S t a t e  m a c h i n e  r e g i s t e r  
r e g  [ 3 : 0 ]  s t a t e ;
' i f d e f  D C
' e l s e
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/ /  F o r  s i m u l a t i o n  o p t i m i z e  t h e  b a r r e l  s h i f t e r  
i n t e g e r  m a x _ s h i f t d i f f e r e n c e ;  
i n t e g e r  m a x _ s h i f t t o t a l ;
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  R e s e t  t h e  s h i f t d i f f e r e n c e  m a x i m u m  
m a x _ s h i f t d i f f e r e n c e  =  0 ;  
m a x _ s h i f t t o t a l  =  0 ;
/ /  S t o p  i f  m o r e  t h a n  2  d i g i t s  w e r e  p a s s e d  
/ /  i f (  d i g i t s  <  3  )  $ s t o p ;
e n d
'  e n d i f
/ /  R e s e t  i n t e g e r  
i n t e g e r  j  ;
/ /  G i v e  S y n o p s y s  s o m e  h i n t s  o n  t h e  s y n t h e s i s  
/ / s y n o p s y s  s t a t e _ v e c t o r  s t a t e  
/ / s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "
a l w a y s  @ (  p o s e d g e  C K  )  
b e g i n :  m a i n
/ /  S y n c h r o n o u s  R e s e t  a c t i v e  h i g h
i f  (  r e s e t  )
b e g i n
/ /  R e s e t  s t a t e  m a c h i n e  
s t a t e  < =  0 ;
/ /  S e t  o u t p u t  t o  i n v a l i d  
r e a d y  < =  0 ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  
f o r (  j  =  0  ;  j  <  d i g i t s  ;  j  =  j  +  1 )  
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
e n d
e l s e
b e g i n
$ d i s p l a y (  " s t a t e  =  % d ,  p o i n t e r = % d ,  l e v e l = % d " ,  s t a t e ,  p o i n t e r ,  l e v e l  ) ;
/ /  P r o c e s s  e a c h  s t a t e  
c a s e (  s t a t e  )
0 :
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
496
University o f  Windsor
b e g i n
/ /  C o n v e r s i o n  s t a r t s  i f  a c t i v a t e  l i n e  i s  h i g h
i f (  a c t i v a t e  )
b e g i n
/ /  L o a d  i n p u t  d a t a  i n t o  s i g n  s e p a r a t o r  
s e p _ m a n i n  < =  i ;
/ /  I n v a l i d a t e  o u t p u t  
r e a d y  < =  0 ;
$ d i s p l a y (  " C o n v e r s i o n  s t a r t s  f o r  % d " ,  i  ) ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  i n c a s e  c o n v e r s i o n  f i n i s h e s  e a r l y
f o r (  j  =  0  ;  j  <  d i g i t s  ;  j  =  j  + 1 )
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
e l s e
b e g i n
/ / N o  c o n v e r s i o n  s i g n a l ,  c o n t i n u e  l o o p i n g  




b e g i n
/ /  G e t  s i g n  a n d  d a t a  f r o m  s i g n  s e p a r a t o r ,  p u t  i t  i n  t o  t h e  n o r m a l i z e r  
n o r m _ s i g n i n  < =  s e p _ s i g n o u t ;  
n o r m _ m a n i n  < =  s e p _ m a n o u t ;
l e v e l  < =  0 ;  
c u r r e n t _ s h i f t  < =  0 ;  
p o i n t e r  < =  0 ;  
b e s t _ e r r o r  < =  - 1 ;  
b e s t _ s h i f t  < =  0 ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
2 :
b e g i n
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
497
University o f  Windsor
c u r r e n t _ s h i f t  < =  c u r r e n t _ s h i f t  +  n o r m _ s h i f t ;
/ /  L o a d  R A L U T  w i t h  t h e  m a n t i s s a  
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
3  :
b e g i n  
' i f d e f  D C
i f (  c u r r e n t _ s h i f t  >  m a x _ s h i f t t o t a l  )  
b e g i n
m a x _ s h i f t t o t a l  =  c u r r e n t _ s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t t o t a l = % d " ,  m a x _ s h i f t t o t a l  ) ;  
e n d
' e n d i f
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  RALUT o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  r a l u t _ m a n i n  }  -  {  2 ' b 0 1 ,  r a l u t _ m a n l o w  } ;  
e r r o r _ h i g h  =  r a l u t _ m a n h i g h  -  {  2 ' b 0 1 ,  r a l u t _ m a n i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  r a l u t _ m a n i n  }  -  {  1 ' b O ,  r a l u t _ m a n l o w  } ;  
e r r o r _ h i g h  =  r a l u t _ m a n h i g h  -  {  1 ' b O ,  r a l u t _ m a n i n  } ;
e n d
i f (  l e v e l  <  d i g i t s  -  1 )  
b e g i n
s t a c k _ s i g n [  p o i n t e r  ]  < =  n o r m _ s i g n o u t ;
i f (  t w o b i t m o d e  )
b e g i n
i f  (  n o r m _ s i g n o u t  = = 0  )  
b e g i n
s t a c k _ c h i l d s i g n [  p o i n t e r  ]  < =  0 ;
e n d
e l s e
b e g i n
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e l s e
b e g i n
s t a c k _ c h i l d s i g n [  p o i n t e r  ]  < =  ~ n o r m _ s i g n o u t ;  
e n d
s t a c k _ e r r o r [  p o i n t e r  ]  < =  e r r o r _ h i g h ;
s t a c k _ f i r s t [  p o i n t e r  ]  < =  r a l u t _ f i r s t h i g h  -  c u r r e n t _ s h i f t ;
s t a c k _ s e c o n d [  p o i n t e r  ]  < =  r a l u t _ s e c o n d h i g h ;  
s t a c k _ p r o c e s s e d [  p o i n t e r  ]  < =  0 ;  
s t a c k _ l e v e l [  p o i n t e r  ]  < =  l e v e l  +  1 ;
s t a c k _ s h i f t [  p o i n t e r  ]  < =  c u r r e n t _ s h i f t ;
s t a c k _ s i g n [  p o i n t e r  +  1  ]  < =  n o r m _ s i g n o u t ;  
s t a c k _ e r r o r  [  p o i n t e r  +  1  ]  < =  e r r o r _ l o w ;  
s t a c k _ c h i l d s i g n [  p o i n t e r  +  1  ]  < =  n o r m _ s i g n o u t ;
i f (  t w o b i t m o d e  & &  n o r m _ s i g n o u t  = =  0 )  
b e g i n
s t a c k _ f i r s t [  p o i n t e r  +  1  ]  < =  0 ;  
s t a c k _ s e c o n d [  p o i n t e r  +  1  ]  < =  0 ;  
s t a c k _ s h i f t [  p o i n t e r  +  1  ]  < =  0 ;
e n d
e l s e
b e g i n
s t a c k _ f i r s t  [  p o i n t e r  +  1  ]  < =  r a l u t _ f i r s t l o w  -  c u r r e n t _ s h i f t ;  
s t a c k _ s e c o n d [  p o i n t e r  +  1  ]  < =  r a l u t _ s e c o n d l o w ;  
s t a c k _ s h i f t [  p o i n t e r  +  1  ]  < =  c u r r e n t _ s h i f t ;
e n d
s t a c k _ p r o c e s s e d [  p o i n t e r  +  1  ]  < =  1 ;  
s t a c k _ l e v e l [  p o i n t e r  +  1  ]  < =  l e v e l  +  1 ;
/ /  L o a d  n o r m a l i z e r  w i t h  e r r o r  a n d  s i g n  o f  i n p u t  ( t o  d e t e r m i n e  i f  i t  i s
z e r o )
n o r m _ m a n i n  < =  e r r o r _ l o w [  i n t e r n a l b i t s  -  1  :  0  ]  ;  
n o r m _ s i g n i n  < =  n o r m _ s i g n o u t ;
p o i n t e r  < =  p o i n t e r  +  2 ;  
l e v e l  < =  l e v e l  +  1 ;
/ /  M o v e  t o  n o r m a l i z e r  s t a t e  
s t a t e  < =  2 ;
e n d
e l s e
b e g i n
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c u r r e n t _ s i g n  < =  n o r m _ s i g n o u t ;
/ /  S e t  t h e  c u r r e n t  r e s u l t  a s  t h e  b e s t  a p p r o x i m a t i o n
i f (  e r r o r _ l o w  <  e r r o r _ h i g h  )
b e g i n
i f (  t w o b i t m o d e  & &  n o r m _ s i g n o u t  = =  0  ) 
b e g i n
c u r r e n t _ f i r s t  < =  0 ;
e n d
e l s e
b e g i n
c u r r e n t _ f i r s t  < =  r a l u t _ f i r s t l o w  -  c u r r e n t _ s h i f t ;  
e n d
c u r r e n t _ s e c o n d  < =  r a l u t _ s e c o n d l o w ;  
c u r r e n t _ e r r o r  < =  e r r o r _ l o w ;
e n d
e l s e
b e g i n
c u r r e n t _ f i r s t  < =  r a l u t _ f i r s t h i g h  -  c u r r e n t _ s h i f t ;  
c u r r e n t _ s e c o n d  < =  r a l u t _ s e c o n d h i g h ;  
c u r r e n t _ e r r o r  < =  e r r o r _ h i g h ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  




b e g i n
/ /  F i n d  t h e  d i f f e r e n c e  i n  s h i f t s  b e t w e e n  t h e  t w o  a p p r o x i m a t i o n s  
c u r r e n t _ s h i f t d i f f e r e n c e  =  c u r r e n t _ s h i f t  -  b e s t _ s h i f t ;  
b e s t _ s h i f t d i f f e r e n c e  =  b e s t _ s h i f t  -  c u r r e n t _ s h i f t ;
i f (  c u r r e n t _ s h i f t d i f f e r e n c e [  n o r m a l i z e r b i t s  ]  = =  1 ' b O  ) 
b e g i n
/ /  c u r r e n t  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
c u r r e n t _ l a s t s h i f t  < =  c u r r e n t _ s h i f t d i f f e r e n c e ;  
b e s t _ l a s t s h i f t  < =  0 ;
e n d
e l s e
b e g i n
/ /  b e s t  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
c u r r e n t _ l a s t s h i f t  < =  0 ;
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b e s t _ l a s t s h i f t  < =  b e s t _ s h i f t d i f f e r e n c e ;  
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  s t a t e  +  1 ;
e n d
5 :
b e g i n  
' i f d e f  D C
/ /  F o r  s y n t h s i s  d o  n o t  d o  t h i s  
'  e l s e
/ /  F i n d  t h e  m a x i m u m  s h i f t  t o  m i n i m i z e  t h e  h a r d w a r e
i f (  b e s t _ s h i f t  ! =  0  ) 
b e g i n
i f (  c u r r e n t _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  ) 
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  c u r r e n t _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d
i f (  b e s t _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  )  
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  b e s t _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d  
e n d
' e n d i f
/ /  S h i f t  b o t h  e r r o r s  a c c o r d i n g l y
c u r r e n t _ e r r o r c o m p a r e  =  (  c u r r e n t _ e r r o r  < <  s h i f t d i f f e r e n c e  )  > >  
c u r r e n t _ l a s t s h i f t ;
b e s t _ e r r o r c o m p a r e  =  (  b e s t _ e r r o r  < <  s h i f t d i f f e r e n c e  )  > >  b e s t _ l a s t s h i f t ;
/ /  $ d i s p l a y (  " c u r r : % b " ,  c u r r e n t _ e r r o r c o m p a r e  ) ;
/ /  $ d i s p l a y (  " b e s t : % b " ,  b e s t _ e r r o r c o m p a r e  ) ;
/ /  C o m p a r e
i f (  c u r r e n t _ e r r o r c o m p a r e  <  b e s t _ e r r o r c o m p a r e  ) 
b e g i n
/ /  T h i s  a p p r o x i m a t i o n  i s  b e t t e r ,  m o v e  i n t o  o u t p u t  r e s u l t s  
f i n a l _ s i g n [  d i g i t s  -  1  ]  < =  c u r r e n t _ s i g n ;  
f i n a l _ f i r s t [  d i g i t s  -  1  ]  < =  c u r r e n t _ f i r s t ;  
f i n a l _ s e c o n d [  d i g i t s  -  1  ]  < =  c u r r e n t _ s e c o n d ;  
b e s t _ e r r o r  < =  c u r r e n t _ e r r o r ;
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b e s t _ s h i f t  < =  c u r r e n t _ s h i f t  ;
f i n a l _ p o i n t  < =  d i g i t s  -  2 ;  
e x t r a c t _ p o i n t  < =  p o i n t e r  -  1 ;
/ /  C o p y  a l l  d i g i t s  t o  f i n a l  
s t a t e  < =  6 ;
e n d
e l s e
b e g i n
/ /  G o  t o  n e x t  l e a f  
s t a t e  < =  7 ;
e n d
p o i n t e r  < =  p o i n t e r  -  1 ;  
e n d  
6 :
b e g i n
/ /  $ d i s p l a y (  " e x t r a c t = % d ,  f i n a l = % d ,  p r o c e s s e d = % d " ,  e x t r a c t _ p o i n t ,
f i n a l _ p o i n t ,  s t a c k _ p r o c e s s e d [  e x t r a c t _ p o i n t  ]  ) ;  
i f (  s t a c k _ p r o c e s s e d [  e x t r a c t _ p o i n t  ]  )  
b e g i n
f i n a l _ s i g n [  f i n a l _ p o i n t  ]  < =  s t a c k _ s i g n [  e x t r a c t _ p o i n t  ] ;  
f i n a l _ f i r s t [  f i n a l _ p o i n t  ]  < =  s t a c k _ f i r s t [  e x t r a c t _ p o i n t  ] ;  
f i n a l _ s e c o n d [  f i n a l _ p o i n t  ]  < =  s t a c k _ s e c o n d [  e x t r a c t _ p o i n t  ] ;
i f  (  f i n a l _ j ? o i n t  = =  0  )  
b e g i n
s t a t e  < =  7 ;
e n d
e l s e
b e g i n
f i n a l ^ p o i n t  < =  f i n a l _ p o i n t  -  1 ;  
e n d  
e n d
e x t r a c t _ p o i n t  < =  e x t r a c t _ j p o i n t  -  1 ;  
e n d  
7 :
b e g i n
i f (  s t a c k _ j p r o c e s s e d [  p o i n t e r  ]  )  
b e g i n
i f (  p o i n t e r  = =  0
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b e g i n
s t a t e  < =  0 ;  
r e a d y  < =  1 ;
e n d
e l s e
b e g i n
p o i n t e r  < =  p o i n t e r  -  1 ;
e n d
e n d
e l s e
b e g i n




b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  e r r o r  a n d  s i g n  o f  i n p u t  ( t o  d e t e r m i n e  i f  i t  i s
z e r o )
n o r m _ m a n i n  < =  s t a c k _ e r r o r [  p o i n t e r  ] ;  
n o r m _ s i g n i n  < =  s t a c k _ c h i l d s i g n  [  p o i n t e r  ] ;  
l e v e l  < =  s t a c k _ l e v e l  [  p o i n t e r  ]  
c u r r e n t _ s h i f t  < =  s t a c k _ s h i f t [  p o i n t e r  ] ;
s t a c k _ p r o c e s s e d [  p o i n t e r  ]  < =  1 ;
p o i n t e r  < =  p o i n t e r  +  1 ;
s t a t e  < =  2 ;
e n d
/ /  A l l  o t h e r  c a s e s ,  r e s e t  t h e  s t a t e  m a c h i n e
d e f a u l t :
b e g i n
s t a t e  < =  0 ;  
r e a d y  < =  0 ;
e n d
e n d c a s e
e n d
e n d  / /  a l w a y s
/ /  C o n c a t i n a t i o n  c o u n t e r  
i n t e g e r  k ;
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' i f d e f  D C
/ /  F o r  s y n t h e s i s  
a l w a y s
'  e l s e
/ /  F o r  s i m u l a t i o n  
a l w a y s  @ ( p o s e d g e  r e a d y  )
' e n d i f
b e g i n
/ /  C o n c a t i n a t e  o u t p u t s  f o r  u n i v e r s a l  a c c e s s  
f o r (  k  =  d i g i t s  -  1  ;  k  > =  0  ; k =  k - 1  )  
b e g i n
o u t p u t _ s i g n  =  {  o u t p u t _ s i g n ,  f i n a l _ s i g n [  k  ]  } ;  
o u t p u t _ f i r s t  =  {  o u t p u t _ f i r s t ,  f i n a l _ f i r s t [  k  ]  } ;
o u t p u t _ s e c o n d  =  {  o u t p u t _ s e c o n d ,  f i n a l _ s e c o n d [  k ]  } ;
e n d
e n d
e n d m o d u l e
B.1.7 Serial Brute 2-Digit Binary to 2DLNS
The Unix shell script for the serial brute force level 0 2-digit converter uses the standard 
set o f arguments. Some stream processing is done to insert the conversion parameters.
Stream Element Processing Event
- - M A G I C - -  0 Return to normal processing
- - M A G I C - -  1 Capture text to be streamed out later
- - M A G I C - -  2 Stream out captured text
B. 1.7.1 makeserial2digitbru teO.s h
#  ! / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  2 - d i g i t  s e r i a l  b r u t e  l e v e l  0  b i n a r y  t o  2 D L N S  c o n v e r t e r
i f  t e s t  $ #  - I t  7 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  i n p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  
s e c o n d b a s e r e s e r v e d b i t s  d i g i t s  e x t r a p r e c  z e r o f l a g "  1 > & 2
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e c h o  " b a s e , f i l e =  n u m e r i c a l b a s e o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " i n p u t b i t s =  n u m b e r o f b i t s f o r  i n p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s =  n u m b e r o f b i t s f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s =  n u m b e r o f b i t s f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1  > & 2
e c h o  " s e c o n d b a s e r e s e r v e d b i t s =  n u m b e r o f b i t s f o r  t h e  e l i m i n a t e  f r o m  t h e
s e c o n d  b a s e  i n d e x "  1 > & 2
e c h o  " d i g i t s =  n u m b e r o f d i g i t s  t o  g e n e r a t e "  1 > & 2
e c h o  " e x t r a p r e c =  n u m b e r o f e x t r a  p r e c i s i o n  b i t s "  1 > & 2
e c h o  " z e r o f l a g =  - z  ( 2  b i t s i g n ) o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t e r = T E M P L A T E _ s e r i a l 2 d i g i t b r u t e O . v  
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ s i m u l a t i o n _ s e r i a l . v  
T E M P L A T E _ s e p a r a t e = T E M P L A T E _ s e p a r a t e s i g n _ n o c l k . v  
T E M P  L A T E _ n o  r m a l i  z  e  r = T E M P L A T E _ n o r m a 1 i  z  e  r _ n o c 1 k . v
#  D e f i n e  t o o l s
C O M M A N D _ r a l u t = . / m a k e r a l u t . s h
C O M M A N D _ t o b i n a r y = . / t o b i n a r y
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e
C O M M A N D _ n a w k = / u s r / b i n / n a w k
C O M M A N D _ c a t = / u s r / b i n / c a t
C O M M A N D _ r m = / u s r / b i n / r m
C O M M A N D _ w c = / u s r / b i n / w c
C O M M A N D _ t r = / u s r / b i n / t r
C O M M A N D _ c u t = / u s r / b i n / c u t
C O M M A N D _ u n i q = / u s r / b i n / u n i q
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
I N P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S E C O N D B A S E B I T S = $ 4
S E C O N D B A S E R E S E R V E D B I T S = $ 5
D I G I T S = $ 6
E X T R A P R E C = $  7
Z M O D E —$ 8
#  F i n d  i n t e r n a l b i t s  f r o m  i n p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E R N A L B I T S = ' e c h o  $ I N P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  (  $ 1  +  $ 2  ) ; \
} \
#  D e t e r m i n e  s i g n  m o d e
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i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n  
T W O B I T M O D E = l  
e l s e
i f  [  " $ Z M O D E "  =  " - z "  } ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  " $ Z M O D E "  =  ” - n z "  ] ;  t h e n  
T W O B I T M O D E = 0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  F i n d  - 2 ^  ( I N P U T B I T S - 1 )  f o r  s i m u l a t i o n  s t a r t  
s t a r t e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  -  e x p (  ( $ 1  -  1  )  *  l o g (  2 . 0  )  )  ) ; \
} \
\  "
#  F i n d  2 * ( I N P U T B I T S - 1 ) - 1  f o r  s i m u l a t i o n  s t o p  
s t o p p e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
( \
p r i n t  (  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  -  1  ) ; \
} \
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h  
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{\
p r i n t  $ 1  +  1 ; \
} \
#  F i n d  2 ^ ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S  =  ' e c h o  $ S E C O N D B A S E B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  F i n d  2 a ( S E C O N D B A S E R E S E R V E D B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n
M A X S E C O N D B A S E R E S E R V E B I T S = ' e c h o  $ S E C O N D B A S E R E S E R V E D B I T S  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
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#  F i n d  N O R M A L I Z E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
N O R M A L I Z  E R B I T S  = ' e  c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  $ 1  )  /  l o g (  2 . 0  )  )  +  1 ; \
} \
#  R e m o v e  a n y  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  $ M A X S E C O N D B A S E R E S E R V E B I T S  $ B A S E  
$ I N T E R N A L B I T S  $ Z M O D E  >  / t m p / r a w . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e
R O W S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ w c  - 1  | $ C O M M A N D _ t r  - d  '  ' '
#  F i n d  t h e  n u m b e r  o f  u n i q u e  e n t r i e d  i n  t h e  t a b l e
A C T = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ c u t  - f 2  | $ C O M M A N D _ u n i q  | $ C O M M A N D _ w c  -  
1  | $ C O M M A N D _ t r  - d  '  ' '
#  S t o p  i f  t h e  t a b l e  d o e s  n o t  h a v e  u n i q u e  e n t r i e s  
i f  t e s t  $ A C T  - n e  $ R O W S ;  t h e n
e c h o  \ ' i s i z e \ '  i s  t o o  s m a l l .  T a b l e  e n t r i e s  a r e  n o t  u n i q u e .  1 > & 2
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
e x i t
f i
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
B E S T F I R S T B A S E B I T S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{ \
m a x  =  - 1 0  0 0 0 ; \  
m i n  =  1 0 0 0 0 ; \
} \  
{ \
#  S e e  i f  i t  i s  a  n e w  m a x i m u m  
i f (  $ 3  >  m a x  )  m a x  =  $ 3 ; \
i f (  $ 3  <  m i n  )  m i n  =  $ 3 ; \
} \
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f (  m i n  <  0  ) \
{ \
m i n  =  -  m i n ; \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
m i n  =  l o g (  m i n  )  /  l o g (  2 . 0  ) ; \
i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
} \
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0 ; \
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} \
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f ( m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \  
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f (  m i n  >  m a x  )  m a x  =  m i n ; \
} \
e l s e \
( \
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
m a x  =  0 ; \
} \
#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x ; \
} \
#  I n d i c a t e  i f  f i r s t b a s e b i t s  s h o u l d  b e  a d j u s t e d
i f  t e s t  $ B E S T F I R S T B A S E B I T S  - n e  $ F I R S T B A S E B I T S ;  t h e n
e c h o  \ ' f i r s t b a s e b i t s \ '  s h o u l d  p r o b a b l y  b e  $ B E S T F I R S T B A S E B I T S ,  n o t  
$ F I R S T B A S E B I T S  f o r  t h e  g i v e n  p a r a m e t e r s .  1 > & 2  
e c h o  G e n e r a t i n g  t h e  t a b l e  a s  r e q u e s t e d .  1 > & 2
f i
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  R A L U T  e n t r i e s
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{\
1 = 0 ; \
} \  
{ \
#  J u s t  p r i n t  t h e  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e  
i f  (  $ 2  = =  0  )  \
{ \
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
c o n t i n u e ;
} \
#  I f  n o t  t h e  f i r s t  l i n e ,  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a  
i f (  1  )  \
{ \
p r i n t  i n t (  (  $ 2  +  o 2  )  /  2 ) "  " $ 2 "  " $ 3 "  " $ 1 ; \
} \
e l s e \
{ \
#  I f  t h e  f i r s t  l i n e ,  R e m e m b e r  t h e  d a t a
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
f l  =  $ 1 ;  \  
f 2 = $2  ; \
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f 3  =  $ 3  ;  \
} \
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ 1 ; \
0 2  = $ 2  ; \
0 3  =  $ 3  ;  \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 = 1;
} \
E N D \
{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  i n t (  (  f 2  *  2  +  0 2  )  /  2 ) "  " f 2 * 2 "  " f 3 + l "  " f l ; \
}\
' I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S P 1  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S
\
>  / t m p / b i t s . $ $
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $ T W O B I T M O D E "  =  " 1 "  ] ;  t h e n
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " $ 2 " \ t " $ 3 " \ t " $ 4 ; \
} \
'  >  / t m p / r a l u t . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t . $ $
f i
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e  
R O W S = ' $ C O M M A N D _ c a t  / t m p / r a l u t . $ $  | $ C O M M A N D _ w c  - 1 '
#  F i n d  t h e  m a x i m u m  e n t r i e s  i n  t h e  t a b l e  f o r  t h e  H D L  c o d e  
M A X I N D E X = ' e c h o  $ R O W S  | $ C O M M A N D _ n a w k  ' \
{\
p r i n t  (  $ 1  -  1  ) ; \
}\
#  F i n d  I N D E X B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
I N D E X B I T S = ' e c h o  $ M A X I N D E X  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  i n t (  l o g ( $ 1  )  /  l o g (  2 . 0  )  )  +  1  ) ; \
}\
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#  M a k e  p a r a m e t e r  f i l e  f o r  s i m u l a t i o n
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;  
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;  
p a r a m e t e r  s t a r t e r  =  $ s t a r t e r ;  
p a r a m e t e r  s t o p p e r  =  $ s t o p p e r ;
E N D P A R A M
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s  i m u l a t  i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0 ;  \
1 = 0 ; \
}\  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m = $2;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \
}\
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f (  m  = =  3  ) \
{ \
p r i n t  M O D U L E N A M E ; \
}\
m = 0 ; \  
c o n t  i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $  0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
}\
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
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( \
p r i n t  $ 0 ; \
}\ 
}\
} '  M O D U L E N A M E = s e r i a l 2 d i g i t b r u t e O
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  i n t e r n a l b i t s  =  $ I N T E R N A L B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  $ S E C O N D B A S E R E S E R V E D B I T S ;
p a r a m e t e r  n o r m a l i z e r b i t s  =  $ N O R M A L I Z E R B I T S ;
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  i n d e x b i t s  =  $ I N D E X B I T S ;
p a r a m e t e r  m a x i n d e x  =  $ M A X I N D E X ;
E N D P A R A M
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ' $ C O M M A N D _ c k s u m  / t m p / r a l u t . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t e r  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
f\
m = 0 ;  \
1  =  0 ;  \
}\  
( \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2 ; \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{\
f o r ( i = 0  ;  i < l  ;  i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
}\
m  =  0 ;  \  
c o n t  i n u e ; \
} \
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e l s e \
{\
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
}\
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{\
b  =  $ 0 ;
n  =  m a t c h  (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{\
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
}\
p r i n t  b ; \
}\ 
}\
} '  F I L E I D = $ F I L E I D
#  G e n e r a t e  s e p a r a t e s i g n  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s e p a r a t e
#  G e n e r a t e  n o r m a l i z e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ n o r m a l i z e r
#  G e n e r a t e  v e r i l o g  c o d e  f o r  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t . $ $  - d
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $  $
B. 1.7.2 TEMPLATE_serial2digitbrute0.v
/ /  D e f i n e  S e r i a l  2  D i g i t  B r u t e  L e v e l  0  C o n v e r s i o n  M o d u l e
m o d u l e  s e r i a l 2 d i g i t b r u t e 0 (
C K ,
r e s e t ,  
a c t i v a t e ,  
i ,
r e a d y ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
) ;
/ /  D e f i n e  p a r a m e t e r s
/ /  i n p u t b i t s :  I n p u t  w o r d  s i z e  i n  b i t s
/ /  i n t e r n a l b i t s :  I n t e r n a l  w o r k i n g  b i t  s i z e  ( > =  i n p u t b i t s )
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/ /  f i r s t b a s e b i t s :  N u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  
/ /  s e c o n d b a s e b i t s :  N u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
/ /  s e c o n d b a s e r e s e r v e d b i t s :  N u m b e r  o f  b i t s  f o r  e x c l u s i o n  o n  t h e  s e c o n d b a s e  i n d e x  
/ /  n o r m a l i z e r b i t s :  N u m b e r  o f  b i t s  f o r  s h i f t  f r o m  n o r m a l i z e r  
/ /  t w o b i t m o d e :  S i g n  m o d e  ( 1  f o r  t w o - b i t s ,  0  f o r  o n e - b i t )
/ /  d i g i t s :  N u m b e r  o f  d i g i t s
/ /  i n d e x b i t s :  N u m b e r  b i t s  f o r  a d d r e s s i n g  t h e  R A L U T  i n  L U T  m o d e
/ /  m a x i n d e x :  N u m b e r  o f  r o w s  i n  t h e  R A L U T  -  1
- - M A G I C - -  2
/ /  I n t e r n a l  c o m p a r i t o r  a c c u r a c y ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
p a r a m e t e r  s h i f t d i f f e r e n c e  =  2 0 ;
/ /  I n t e r n a l  s h i f t e r  b i t s ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n
/ /  S e t  i t  t o  f l o o r (  l o g (  m a x _ s h i f t t o t a l  )  /  l o g (  2 . 0  )  )  + 1
p a r a m e t e r  s h i f t b i t s  =  n o r m a l i z e r b i t s  +  1 ;
/ /  D e f i n e  p o r t s
/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
i n p u t  C K ;
/ /  R e s e t  i s  a c t i v e  h i g h  
i n p u t  r e s e t ;
/ /  I n p u t  w o r d  i n  2 ' s  c o m p l e m e n t  
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
/ /  S e t  t o  1  t o  r u n  c o n v e r s t i o n  o n  i n p u t  
i n p u t  a c t i v a t e ;
/ / I s  s e t  t o  1  w h e n  o u t p u t  d a t a  i s  r e a d y  
o u t p u t  r e a d y ;  
r e g  r e a d y ;
/ /  O u t p u t  S i g n s  ( c o n c a t e n a t e d )
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;  
r e g  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;
/ /  O u t p u t  B i n a r y  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  -  1  :  0  ]  o u t p u t _ f i r s t ;
/ /  O u t p u t  O t h e r B a s e  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;  
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  -  1  :  0  ]  o u t p u t _ s e c o n d ;
r e g  [  i n p u t b i t s  - 1 : 0 ]  s e p _ m a n i n ;  
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  s e p _ r a a n o u t ;  
w i r e  [  t w o b i t m o d e  :  0  ]  s e p _ s i g n o u t ;
s e p a r a t e s i g n _ n o c l k
# (
i n p u t b i t s ,
i n t e r n a l b i t s ,
t w o b i t m o d e
)
s s
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(
s e p _ m a n i n ,  
s e p _ m a n o u t ,  
s e p _ s i g n o u t
) ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
r e g  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n i n ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  n o r m _ m a n o u t ;
w i r e  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n o u t ;
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,
n o r m a l i z e r b i t s ,




n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
)  ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  r a l u t _ m a n i n ;  
r e g  [  i n d e x b i t s  - 1 : 0 ]  r a l u t _ i n d e x ;  
r e g  r a l u t _ m o d e ;
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t ;
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d ;
r a l u t d u a l 3 _ % M A G I C d % _ n o c l k
# (
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e ,  
i n d e x b i t s
)
r a l u t
(
r a l u t _ m a n ,  
r a l u t _ f i r s t ,  
r a l u t _ s e c o n d ,  
r a l u t _ m a n i n ,  
r a l u t _ i n d e x ,  
r a l u t _ m o d e
) ;
r e g  [  t w o b i t m o d e  :  0  ]  m a s t e r _ s i g n ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  m a s t e r _ m a n ;
r e g  [  n o r m a l i z e r b i t s  - 1 : 0 ]  m a s t e r _ s h i f t ;
r e g  [  t w o b i t m o d e  :  0  ]  f i n a l _ s i g n [  0  :  d i g i t s  -  1  ] ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t [  0  :  d i g i t s  -  1  ] ;
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
514
University o f  Windsor
r e g [ s e c o n d b a s e b i t s - 1 :  0  ]  f i n a l  s e c o n d  [  0  :  d i g i t s  -  1  ] ;
r e g [ i n t e r n a l b i t s  : 0 ] e r r o r  l o w ,  e r r o r  h i g h ;
r e g [ f i r s t b a s e b i t s  - 1  :: 0  ]  c u r r e n t  f i r s t ;
r e g [ s e c o n d b a s e b i t s - 1 :  0  ]  c u r r e n t  s e c o n d ;
r e g [ i n t e r n a l b i t s  : 0 ] c u r r e n t  e r r o r ,  b e s t  e r r o r ;
r e g [ n o r m a l i z e r b i t s 0 ]  c u r r e n t _ s h i f t d i f f e r e n c e ,  b e s t _ s h i f t d i f f e r e n c e ;
r e g [ n o r m a l i z e r b i t s - 1 :  0  ]  c u r r e n t _ l a s t s h i f t ,  b e s t _ l a s t s h i f t ;
r e g [ i n t e r n a l b i t s  - 1 + s h i f t d i f f e r e n c e  : 0  ]  c u r r e n t _ e r r o r c o m p a r e ,
b e s t _ e r r o r c o m p a r e ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  b e s t _ s h i f t ,  c u r r e n t _ s h i f t ;
/ /  S t a t e  m a c h i n e  r e g i s t e r  
r e g  [ 2 : 0 ]  s t a t e ;
' i f d e f  D C
'  e l s e
/ /  F o r  s i m u l a t i o n  o p t i m i z e  t h e  b a r r e l  s h i f t e r  
i n t e g e r  m a x _ s h i f t d i f f e r e n c e ;  
i n t e g e r  m a x _ s h i f t t o t a l ;
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  I n i t i a l i z e  m a x _ s h i f t t o t a l  a n d  s h i f t d i f f e r e n c e  f o r  d a t a p a t h  o p t i m i z a t i o n  
m a x _ s h i f t d i f f e r e n c e  =  0 ;  
m a x _ s h i f t t o t a l  =  0 ;
/ /  S t o p  i f  a n y t h i n g  o t h e r  t h a n  2  d i g i t s  w e r e  p a s s e d
i f (  d i g i t s  ! =  2  )
b e g i n
$ d i s p l a y (  " !  T h i s  i s  a  t w o - d i g i t  c o n v e r t e r . "  ) ;
$ s t o p ;  
e n d  
e n d  
' e n d i f
/ /  R e s e t  i n t e g e r  
i n t e g e r  j ;
/ /  G i v e  S y n o p s y s  s o m e  h i n t s  o n  t h e  s y n t h e s i s  
/ / s y n o p s y s  s t a t e _ v e c t o r  s t a t e  
/ / s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n :  m a i n
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/ /  S y n c h r o n o u s  R e s e t  a c t i v e  h i g h
i f (  r e s e t  )
b e g i n
/ /  R e s e t  s t a t e  m a c h i n e  
s t a t e  < =  0 ;
/ /  S e t  o u t p u t  t o  i n v a l i d  
r e a d y  < =  0 ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  
f o r (  j  =  0  ;  j  <  d i g i t s  ;  j  =  j  + 1 )  
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
e n d
e l s e
b e g i n
/ /  P r o c e s s  e a c h  s t a t e
c a s e  (  s t a t e  )  / /  s y n o p s y s  p a r a l l e l _ c a s e  
0 :
b e g i n
/ /  C o n v e r s i o n  s t a r t s  i f  a c t i v a t e  l i n e  i s  h i g h
i f (  a c t i v a t e  )
b e g i n
/ /  L o a d  i n p u t  d a t a  i n t o  s i g n  s e p a r a t o r  
s e p _ m a n i n  < =  i ;
/ /  I n v a l i d a t e  o u t p u t  
r e a d y  < =  0 ;
$ d i s p l a y (  " C o n v e r s i o n  s t a r t s  f o r  % d " ,  i  ) ;
/ /  S e t  a l l  M D L N S  o u t p u t  t o  z e r o s  i n c a s e  c o n v e r s i o n  f i n i s h e s  e a r l y
f o r (  j  =  0  ;  j  <  d i g i t s  ;  j  =  j  +  1 )
b e g i n
f i n a l _ s i g n [  j  ]  < =  0 ;  
f i n a l _ f i r s t [  j  ]  < =  0 ;  
f i n a l _ s e c o n d [  j  ]  < =  0 ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  1 ;
e n d
e l s e
b e g i n
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/ /  N o  c o n v e r s i o n  s i g n a l ,  c o n t i n u e  l o o p i n g  




b e g i n
/ /  G e t  s i g n  a n d  d a t a  f r o m  s i g n  s e p a r a t o r ,  p u t  i t  i n  t o  t h e  n o r m a l i z e r  
n o r m _ s i g n i n  < =  s e p _ s i g n o u t ;  
n o r m _ m a n i n  < =  s e p _ m a n o u t ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  2 ;
e n d
2 :
b e g i n
i f (  t w o b i t m o d e  & &  n o r m _ s i g n o u t  = =  0  )  
b e g i n
/ /  i n p u t  i s  z e r o ,  e n d  c o n v e r s i o n  
r e a d y  < =  1 ;  
s t a t e  < =  0 ;
e n d
e l s e
b e g i n
/ /  S e t  R A L U T  i n d e x  p o i n t e r  a n d  m o d e  t o  L U T  
r a l u t _ i n d e x  < =  ( 1  -  t w o b i t m o d e  ) ;  
r a l u t _ m o d e  < =  0 ;
/ /  G e t  s h i f t ,  m a n t i s s a  a n d  s i g n  f r o m  n o r m a l i z e r
f i n a l _ s i g n [  0  ]  < =  n o r m _ s i g n o u t ;
m a s t e r _ s i g n  < =  n o r m _ s i g n o u t ;
m a s t e r _ s h i f t  < =  n o r m _ s h i f t ;
m a s t e r _ m a n  < =  n o r m _ m a n o u t ;
/ /  R e s e t  b e s t  e r r o r  
b e s t _ e r r o r  < =  - 1 ;  
b e s t _ s h i f t  < =  0 ;
/ /  M o v e  t o  n e x t  s t a t e  




b e g i n
/ /  S a v e  t h e  f i r s t  d i g i t
c u r r e n t _ f i r s t  < =  r a l u t _ f i r s t  -  m a s t e r _ s h i f t ;
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c u r r e n t _ s e c o n d  < =  r a l u t _ s e c o n d ;
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  m a s t e r _ m a n  }  -  r a l u t _ m a n ;  
e r r o r _ h i g h  =  r a l u t _ m a n  -  {  2 ' b 0 1 ,  m a s t e r _ m a n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  m a s t e r _ m a n  }  -  r a l u t _ m a n ;  
e r r o r _ h i g h  =  r a l u t _ m a n  -  {  1 ' b O ,  m a s t e r j n a n  } ;
e n d
i f (  e r r o r _ l o w [  i n t e r n a l b i t s  ]  )
b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
n o r m _ m a n i n  < =  e r r o r _ h i g h [  i n t e r n a l b i t s  -  1  :  0  ] ;
e n d
e l s e
b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
n o r m _ m a n i n  < =  e r r o r _ l o w [  i n t e r n a l b i t s  -  1  :  0  ]  ;
e n d
i f (  t w o b i t m o d e  )  
b e g i n
/ /  S e t  s i g n  f o r  d i g i t  b a s e d  o n  e r r o r  a n d  p r e v i o u s
n o r m _ s i g n i n  < =  {  m a s t e r _ s i g n [  t w o b i t m o d e  ]  ^  e r r o r _ l o w [  i n t e r n a l b i t s  
] ,  1 ' b l  } ;
e n d
e l s e
b e g i n
/ /  S e t  s i g n  f o r  d i g i t  b a s e d  o n  e r r o r  a n d  p r e v i o u s
n o r m _ s i g n i n  < =  m a s t e r _ s i g n [  t w o b i t m o d e  ]  A  e r r o r _ l o w [  i n t e r n a l b i t s  ] ;  
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  4 ;
e n d
4  :
b e g i n
/ /  G e t  s h i f t  f r o m  n o r m a l i z e r  
c u r r e n t _ s h i f t  < =  m a s t e r _ s h i f t  +  n o r m _ s h i f t ;
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/ /  L o a d  R A L U T  w i t h  t h e  m a n t i s s a  a n d  t u r n  o n  R A L U T  m o d e  
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;  
r a l u t _ m o d e  < =  1 ;
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  5 ;
e n d
5  :
b e g i n  
' i f d e f  D C  
'  e l s e
i f (  c u r r e n t _ s h i f t  >  m a x _ s h i f t t o t a l )  
b e g i n
m a x _ s h i f t t o t a l  =  c u r r e n t _ s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t t o t a l = % d " ,  m a x _ s h i f t t o t a l  ) ;  
e n d
' e n d i f
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  r a l u t _ m a n i n  }  -  r a l u t _ m a n ;  
e r r o r _ h i g h  =  r a l u t _ m a n  -  {  2 ' b 0 1 ,  r a l u t _ m a n i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  r a l u t _ m a n i n  }  -  r a l u t _ m a n ;  
e r r o r _ h i g h  =  r a l u t _ m a n  -  {  1 ' b O ,  r a l u t _ m a n i n  } ;
e n d
i f (  e r r o r _ l o w [  i n t e r n a l b i t s  ]  )
b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
c u r r e n t _ e r r o r  < =  e r r o r _ h i g h [  i n t e r n a l b i t s  - 1 : 0 ] ;
e n d
e l s e
b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
c u r r e n t _ e r r o r  < =  e r r o r _ l o w  [  i n t e r n a l b i t s  -  1  : 0  ]  ;
e n d
/ /  M o v e  t o  n o r m a l i z e r  s t a t e
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S t a t e  < =  6 ;  
e n d
b e g i n
/ /  F i n d  t h e  d i f f e r e n c e  i n  s h i f t s  b e t w e e n  t h e  t w o  a p p r o x i m a t i o n s  
c u r r e n t _ s h i f t d i f f e r e n c e  =  c u r r e n t _ s h i f t  -  b e s t _ s h i f t ;  
b e s t _ s h i f t d i f f e r e n c e  =  b e s t _ s h i f t  -  c u r r e n t _ s h i f t ;
i f (  c u r r e n t _ s h i f t d i f f e r e n c e [  n o r m a l i z e r b i t s  ]  = =  1 ' b O  ) 
b e g i n
/ /  c u r r e n t  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
c u r r e n t _ l a s t s h i f t  < =  c u r r e n t _ s h i f t d i f f e r e n c e ;  
b e s t _ l a s t s h i f t  < =  0 ;
e n d
e l s e
b e g i n
/ /  b e s t  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t
c u r r e n t _ l a s t s h i f t  < =  0 ;
b e s t _ l a s t s h i f t  < =  b e s t _ s h i f t d i f f e r e n c e ;
e n d
/ /  M o v e  t o  n e x t  s t a t e  
s t a t e  < =  7 ;
e n d
b e g i n  
" i f d e f  D C
/ /  F o r  s y n t h s i s  d o  n o t  d o  t h i s  
' e l s e
/ /  F i n d  t h e  m a x i m u m  s h i f t  t o  m i n i m i z e  t h e  h a r d w a r e
i f (  b e s t _ s h i f t  ! =  0  ) 
b e g i n
i f (  c u r r e n t _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  )  
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  c u r r e n t _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d
i f (  b e s t _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  )  
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  b e s t _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;
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e n d
e n d
' e n d i f
/ /  S h i f t  b o t h  e r r o r s  a c c o r d i n g l y
c u r r e n t _ e r r o r c o m p a r e  =  (  c u r r e n t _ e r r o r  < <  s h i f t d i f f e r e n c e  )  > >  
c u r r e n t _ l a s t s h i f t ;
b e s t _ e r r o r c o m p a r e  =  (  b e s t _ e r r o r  < <  s h i f t d i f f e r e n c e  )  > >  b e s t _ l a s t s h i f t ;
/ /  $ d i s p l a y (  " c u r r : % b " ,  c u r r e n t _ e r r o r c o m p a r e  ) ;
/ /  $ d i s p l a y (  " b e s t : % b " ,  b e s t _ e r r o r c o m p a r e  ) ;
/ /  C o m p a r e
i f (  c u r r e n t _ e r r o r c o m p a r e  <  b e s t _ e r r o r c o m p a r e  )  
b e g i n
/ /  T h i s  a p p r o x i m a t i o n  i s  b e t t e r ,  m o v e  i n t o  o u t p u t  r e s u l t s
f i n a l _ f i r s t [  0  ]  < =  c u r r e n t _ f i r s t ;
f i n a l _ s e c o n d [  0  ]  < =  c u r r e n t _ s e c o n d ;
f i n a l _ s i g n [  1  ]  < =  n o r m _ s i g n o u t ;
f i n a l _ f i r s t [  1  ]  < =  r a l u t _ f i r s t  -  c u r r e n t _ s h i f t ;
f i n a l _ s e c o n d [  1  ]  < =  r a l u t _ s e c o n d ;
b e s t _ e r r o r  < =  c u r r e n t _ e r r o r ;  
b e s t _ s h i f t  < =  c u r r e n t _ s h i f t ;
e n d
/ /  S w i t c h  R A L U T  m o d e  b a c k  t o  L U T  
r a l u t _ m o d e  < =  0 ;
i f (  r a l u t _ i n d e x  = =  m a x i n d e x  )  
b e g i n
/ /  C o n v e r s i o n  c o m p l e t e  
s t a t e  < =  0 ;  
r e a d y  < =  1 ;
e n d
e l s e
b e g i n
/ /  I n c r e m e n t  L U T  i n d e x  
r a l u t _ i n d e x  < =  r a l u t _ i n d e x  +  1 ;
/ /  G o  t o  n e x t  e n t r y  i n  L U T  
s t a t e  < =  3 ;
e n d
e n d
/ /  A l l  o t h e r  c a s e s ,  r e s e t  t h e  s t a t e  m a c h i n e
d e f a u l t :
b e g i n
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
521
University o f  W indsor
s t a t e  < =  0 ;  
r e a d y  < =  0 ;
e n d
e n d c a s e
e n d
e n d  / /  a l w a y s
/ /  C o n c a t i n a t i o n  i n t e g e r  
i n t e g e r  k ;
' i f d e f  D C
/ /  F o r  s y n t h e s i s  
a l w a y s
'  e l s e
/ /  F o r  s i m u l a t i o n  
a l w a y s  @ (  p o s e d g e  r e a d y  )
' e n d i f
b e g i n
/ /  C o n c a t i n a t e  o u t p u t s  f o r  u n i v e r s a l  a c c e s s  
f o r (  k  =  d i g i t s  -  1  ;  k  > =  0  ;  k  =  k  -  1  )  
b e g i n
o u t p u t _ s i g n  =  {  o u t p u t _ s i g n ,  f i n a l _ s i g n [  k  ]  } ;
o u t p u t _ f i r s t  =  {  o u t p u t _ f i r s t ,  f i n a l _ f i r s t [  k  ]  } ;  
o u t p u t _ s e c o n d  =  {  o u t p u t _ s e c o n d ,  f i n a l _ s e c o n d [  k  ]  } ;
e n d
e n d
e n d m o d u l e
B.1.8 Parallel Quick u-Digit Binary to 2DLNS
The Unix shell script for the parallel quick w-digit converter uses the standard set of 
arguments. The number of digits can be from 1 and up. A considerable amount of stream
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processing is performed to generate each level of pipelining and the interconnects. The 
conversion parameters are processed as well.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
--MAGIC-- 3 Output the following code until - - MAG IC-- Oifdigits
is 1
--MAGIC-- 4 Output the following code until - - MAGIC - - 0 if digits 
is greater than 1
--MAGIC-- 5 Capture the following code until - - MAGIC - - 0 and 
process it digits -1 times if digits is greater than 2
%MAGICn% Replace %MAGICn% with digits
%MAGICi% Repeat each line from 2 to the number of output columns 
while replacing %MAGICi% with the counter
%MAGICj % While processing after - - MAGIC - - 5, during code 
replication from 1 todigits-1, replace %MAGICj % with
counter-1
%MAGICk% While processing after - - MAGIC - - 5, during code 
replication from 1 to digits-1, replace %MAGICk% with
counter
B.l.8.1 makeparallelndigitquick.sh
# ! / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  n - d i g i t  p a r a l l e l  q u i c k  b i n a r y  t o  2 D L N S  c o n v e r t e r  
i f  t e s t  $ #  - I t  7 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  i n p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  
s e c o n d b a s e r e s e r v e d b i t s  d i g i t s  e x t r a p r e c  z e r o f l a g "  1 > & 2
e c h o  " b a s e , f i l e  =  n u m e r i c a l  b a s e  o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " i n p u t b i t s  =  n u m b e r  o f  b i t s  f o r  i n p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1 > & 2
e c h o  " s e c o n d b a s e r e s e r v e d b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  e l i m i n a t e  f r o m  t h e  
s e c o n d  b a s e  i n d e x "  1 > & 2
e c h o  " d i g i t s  =  n u m b e r  o f  d i g i t s  t o  g e n e r a t e "  1 > & 2
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e c h o  " e x t r a p r e c  
e c h o  " z e r o f l a g
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t e r = T E M P L A T E _ p a r a l l e l n d i g i t q u i c k . v  
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ s i m u l a t i o n _ p a r a l l e l . v  
T E M P I i A T E _ s e p a r a t e = T E M P L A T E _ s e p a r a t e s i g n _ n o c l k . v  
T E M P L A T E _ n o r m a l i z e r = T E M P L A T E _ n o r m a l i z e r _ n o c l k . v
#  D e f i n e  t o o l s
C O M M A N D _ r a l u t = . / m a k e r a l u t . s h
C O M M A N D _ t o b i n a r y = . / t o b i n a r y
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e
C O M M A N D _ n a w k = / u s r / b i n / n a w k
C O M M A N D _ c a t = / u s r / b i n / c a t
C O M M A N D _ r m = / u s r / b i n / r m
C O M M A N D _ w c = / u s r / b i n / w c
C O M M A N D _ t r = / u s r / b i n / t r
C O M M A N D _ c u t = / u s r / b i n / c u t
C O M M A N D _ u n i q = / u s r / b i n / u n i q
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
I N P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S E C O N D B A S E B I T S = $ 4
S E C O N D B A S E R E S  E R V E D B I T S = $  5
D I G I T S = $ 6
E X T R A P R E C = $ 7
Z M O D E = $ 8
#  F i n d  i n t e r n a l b i t s  f r o m  i n p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E K N A L B I T S = ' e c h o  $ I N P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  (  $ 1  +  $ 2  ) ; \
} \
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W O B I T M O D E = 1  
e l s e
i f  [  " $ Z M 0 D E "  =  " - z "  ] ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  " $ Z M 0 D E "  =  » - n z "  ] ;  t h e n
=  n u m b e r  o f  e x t r a  p r e c i s i o n  b i t s "  1 > & 2  
=  - z  ( 2  b i t  s i g n )  o r  - n z  ( 1  b i t  s i g n ) " 1>&2
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T W O B I T M O D E = 0
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  F i n d  - 2 A ( I N P U T B I T S - 1 )  f o r  s i m u l a t i o n  s t a r t  
s t a r t e r = ' e c h o  $ I N P U T B I T S  |  $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  -  e x p (  (  $ 1  -  1  )  *  l o g ( 2 . 0  )  )  ) ; \
}\
#  F i n d  2 * ( I N P U T B I T S - 1 ) - 1  f o r  s i m u l a t i o n  s t o p  
s t o p p e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  -  1  ) ; \
}\
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{\
p r i n t  $ 1  +  1 ; \
} \
#  F i n d  2 A ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S  = ' e c h o  $ S E C O N D B A S E B I T S  | $ C O M M A N D _ n a w k  ' \  
{\
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
}\
#  F i n d  2 ^ ( S E C O N D B A S E R E S E R V E D B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n
M A X S E C O N D B A S E R E S E R V E B I T S = ' e c h o  $ S E C O N D B A S E R E S E R V E D B I T S  ] $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
}\
#  F i n d  N O R M A L I Z E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
N O R M A L I Z E R B I T S  = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t { l o g (  $ 1  )  /  l o g (  2 . 0  )  )  +  1 ; \
}\
#  F i n d  D I G I T B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
D I G I T B I T S = ' e c h o  $ D I G I T S  | $ C O M M A N D _ n a w k  ' \
{ \
a  =  (  $ 1  -  1  )  ;
i f (  a  = =  0  )  a  =  a  +  1 ;
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a  =  l o g ( a  )  /  l o g (  2 . 0  )  ;  \  
i f (  i n t i  a )  ! =  a  )  a  =  a  +  1 ; \  
p r i n t  (  i n t (  a  )  +  1  ) ; \
} \
\  '
#  F i n d  L A T E N C Y  f o r  s i m u l a t i o n  
L A T E N C Y = ' e c h o  $ D I G I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  ( 1 +  ( $ 1 - 1 )  * 3 + 2 ) ; \
} \
#  F i n d  D I G I T B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h
#  R e m o v e  a n y  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  $ M A X S E C O N D B A S E R E S E R V E B I T S  $ B A S E  
$ I N T E R N A L B I T S  $ Z M 0 D E  >  / t m p / r a w . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e
R O W S  =  ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ w c  - 1  | $ C O M M A N D _ t r  - d  '  ' '
#  F i n d  t h e  n u m b e r  o f  u n i q u e  e n t r i e d  i n  t h e  t a b l e
A C T = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ c u t  - f 2  | $ C O M M A N D _ u n i q  | $ C O M M A N D _ w c  -  
1  | $ C 0 M M A N D _ t r  - d  '  ' '
#  S t o p  i f  t h e  t a b l e  d o e s  n o t  h a v e  u n i q u e  e n t r i e s  
i f  t e s t  $ A C T  - n e  $ R O W S ;  t h e n
e c h o  \ ' i s i z e \ '  i s  t o o  s m a l l .  T a b l e  e n t r i e s  a r e  n o t  u n i q u e .  1 > & 2
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
e x i t
f i
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
B E S T F I R S T B A S E B I T S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{ \
m a x  =  - 1 0 0 0 0 ; \  
m i n  =  1 0 0 0 0 ; \
} \  
{ \
#  S e e  i f  i t  i s  a  n e w  m a x i m u m
i  f ( $  3  >  m a x  ) m a x  =  $  3 ; \
i f (  $ 3  <  m i n  )  m i n  =  $ 3 ; \
} \
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f (  m i n  <  0  ) \
( \
m i n  =  -  m i n ; \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
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m i n  =  l o g (  m i n  )  /  l o g (  2 . 0  ) ; \
i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
} \
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0 ; \
} \
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f (  m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f (  m i n  >  m a x  )  m a x  =  m i n ; \
} \
e l s e \
{ \
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
m a x  =  0 ; \
} \
#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x , - \
} \
#  I n d i c a t e  i f  f i r s t b a s e b i t s  s h o u l d  b e  a d j u s t e d
i f  t e s t  $ B E S T F I R S T B A S E B I T S  - n e  $ F I R S T B A S E B I T S ;  t h e n
e c h o  \ ' f i r s t b a s e b i t s \ '  s h o u l d  p r o b a b l y  b e  $ B E S T F I R S T B A S E B I T S ,  n o t  
$ F I R S T B A S E B I T S  f o r  t h e  g i v e n  p a r a m e t e r s .  1 > & 2  
e c h o  G e n e r a t i n g  t h e  t a b l e  a s  r e q u e s t e d .  1 > & 2
f i
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  R A L U T  e n t r i e s
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{ \
1 = 0 ; \
} \  
{ \
#  J u s t  p r i n t  t h e  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e  
i f ( $ 2  = =  0  )  \
{ \
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
c o n t  i n u e ;
} \
#  I f  n o t  t h e  f i r s t  l i n e ,  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a  
i f ( 1  ) \
{ \
p r i n t  i n t (  (  $ 2  +  o 2  )  /  2 ) "  " $ 2 "  " $ 3 "  " $ 1 ; \
Hardware Description Code Binary to 2DLNS Conversion
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
527
University o f  Windsor
} \
e l s e \
{ \
#  I f  t h e  f i r s t  l i n e ,  r e m e m b e r  t h e  d a t a
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  ” $ 1 ; \  
f l  =  $ 1 ; \  
f 2 = $2 ; \  
f 3  =  $ 3  ;  \
} \
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ 1 ; \
02 = $ 2 ; \
0 3  =  $ 3 ; \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 =  1;
} \
E N D \
{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  i n t (  (  f 2  *  2  +  o 2  )  /  2 ) "  " f 2 * 2 "  " f 3 + l "  " f l ; \
} \
' I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S P I  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  
\
>  / t m p / b i t s . $ $
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $ T W O B I T M O D E "  =  " 1 "  ] ;  t h e n
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " $ 2 " \ t " $ 3 " \ t " $ 4 ; \
} \
'  >  / t m p / r a l u t . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t . $ $
f i
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  s i m u l a t i o n  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;  
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  s t a r t e r  =  $ s t a r t e r ;
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p a r a m e t e r  s t o p p e r  =  $ s t o p p e r ;  
p a r a m e t e r  l a t e n c y  =  $ L A T E N C Y ;
E N D P A R A M
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1" ; $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s i m u l a t i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0  ;  \
1 = 0 ; \
}\  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ i  = =  " - - M A G I C - - "  ) \
{\
m = $2 ; \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{\
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f ( m  = =  2  ) \
{ \
f o r (  i  =  0  ;  i < l  ;  i  =  i  +  1  ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
}\
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f (  m  = =  3  ) \
{\
p r i n t  M O D U L E N A M E ; \
}\
m = 0 ; \  
c o n t  i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $  0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
p r i n t  $ 0 ; \
}\  
} \
} '  M O D U L E N A M E = p a r a l l e l n d i g i t q u i c k
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
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#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;
p a r a m e t e r  i n t e r n a l b i t s  =  $ I N T E R N A L B I T S ;
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  $ S E C O N D B A S E R E S E R V E D B I T S ;
p a r a m e t e r  n o r m a l i z e r b i t s  =  $ N 0 R M A L I Z E R B I T S ;
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  d i g i t b i t s  =  $ D I G I T B I T S ;
E N D P A R A M
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ~ $ C O M M A N D _ c k s u m  / t m p / r a l u t . $ $  |  $ C O M M A N D _ n a w k  ’ \
{ \
p r i n t  $ 1 " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C 0 M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t e r  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0  ;  \
1 = 0 ; \
}\  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f  (  $ 1  = =  " - - M A G I C - - "  ) \
{\
m  =  $ 2  ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{\
c o n t i n u e ; \
}\
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f ( m  = =  2  ) \
{ \
f o r ( i = 0  ;  i < l  ;  i  =  i  +  I  ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
e l s e  i f (  m  = =  3  | |  m  = =  4  ) \
{ \
g e t l i n e ; \  
d o \
( \
i f (  (  m  = =  3  & &  d i g i t s  = =  1  )  | |  (  m  = =  4  & &  d i g i t s  >  1  )  ) \
{ \
b  =  $ 0 ;
n  =  m a t c h ( b ,  " % M A G I C n % "  ) ; \  
i f (  n  ) \
{\
a  =  b  ;
n  =  m a t c h (  a ,  " % M A G I C n % "  ) ; \
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w h i l e (  n  ) \
{ \
a  =  s u b s t r (  a ,  1 ,  n  -  1  ) " "  d i g i t s  " "  s u b s t r ( a ,  n  +  8  ) ; \  
n  =  m a t c h (  a ,  " % M A G I C n % "  ) ; \
} \
p r i n t  a ; \
} \
e l s e \
{ \
p r i n t  b ; \
} \  
} \
g e t l i n e ; \
} \
w h i l e (  $ 1  ! =  " - - M A G I C - - "  ) \
} \
e l s e  i f (  m  = =  5  ) \
{ \
z  =  0  ;  \  
g e t l i n e ; \  
d o \
{ \
r e p e a t [  z  ]  =  $ 0 ; \  
z = z + 1; \  
g e t l i n e ; \
}  w h i l e (  $ 1  ! =  " - - M A G I C - - "  ) ; \  
i f  (  d i g i t s  <  3  ) \
{ \
c o n t i n u e ; \
}\
f o r (  k  =  2  ;  k  < =  d i g i t s  -  1  ;  k  =  k  +  1  ) \
{ \
f o r ( i = 0 ; i < z ; i = i + l ) \
{ \
b  =  r e p e a t [  i  ]  ;  \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
i f (  n  ) \
( \
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
w h i l e (  n  ) \
{ \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " j "  ) \
{ \
a  =  k ;  \
} \
e l s e \
{ \
a  =  k  +  1 ;  \
} \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r !  b ,  n  +  8  ) ; \
n  =  m a t c h !  b ,  " % M A G I C . % "  ) ; \
} \
p r i n t  b ; \
} \
e l s e \
{ \
p r i n t  b ; \
} \  
} \
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} \  
} \
m = 0 ; \  
c o n t i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a [  1  ]  =  $  0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
b  =  $ 0 ;
n  =  m a t c h ( b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r t  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C i % "  ) ; \  
i f (  n  ) \
{ \
i f (  d i g i t s  = =  1  ) \
{ \
c o n t i n u e ; \
} \
f o r (  i  =  2 ;  i  < =  d i g i t s  ;  i  =  i  +  1  ) \
{ \
a  =  b ; \
n  =  m a t c h (  a ,  " % M A G I C i % "  ) ; \  
w h i l e (  n  ) \
{ \
a  =  s u b s t r t  a ,  1 ,  n  -  1  )  " "  i  " "  s u b s t r t  a ,  n  +  8  ) ; \  
n  =  m a t c h f  a ,  " % M A G I C i % "  ) ; \
} \
p r i n t  a ; \
} \  
} \
e l s e \
( \
p r i n t  b ; \
} \  
} \  
} \
} '  d i g i t s = $ D I G I T S  F I L E I D = $ F I L E I D
#  G e n e r a t e  s e p a r a t e s i g n  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s e p a r a t e
#  G e n e r a t e  n o r m a l i z e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ n o r m a l i z e r
#  G e n e r a t e  v e r i l o g  c o d e  f o r  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t . $ $
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#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a l u t . $ $  
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
B.l.8.2 TEMPLATE_parallelndigitquick.v
/ /  D e f i n e  P a r a l l e l  n - D i g i t  Q u i c k  C o n v e r s i o n  M o d u l e
m o d u l e  p a r a l l e l n d i g i t q u i c k (
C K ,
i ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s  e  c o n d
)  ;
/ /  D e f i n e  p a r a m e t e r s
/ /  i n p u t b i t s :  I n p u t  w o r d  s i z e  i n  b i t s
/ /  i n t e r n a l b i t s : I n t e r n a l  w o r k i n g  b i t  s i z e  ( > =  i n p u t b i t s )
/ /  f i r s t b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  
/ /  s e c o n d b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
/ /  s e c o n d b a s e r e s e r v e d b i t s : N u m b e r  o f  b i t s  f o r  e x c l u s i o n  o n  t h e  s e c o n d b a s e  i n d e x  
/ /  n o r m a l i z e r b i t s :  N u m b e r  o f  b i t s  f o r  s h i f t  f r o m  n o r m a l i z e r  
/ /  t w o b i t m o d e :  S i g n  m o d e  ( 1  f o r  t w o - b i t s ,  0  f o r  o n e - b i t )
/ /  d i g i t s :  N u m b e r  o f  d i g i t s
/ /  d i g i t b i t s :  N u m b e r  o f  b i t s  f o r  d i g i t  c o u n t e r  
- - M A G I C - -  2
/ /  I n t e r n a l  s h i f t e r  b i t s ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
/ /  S e t  i t  t o  f l o o r (  l o g (  m a x _ s h i f t t o t a l  )  /  l o g (  2 . 0  )  )  + 1  
p a r a m e t e r  s h i f t b i t s  =  n o r m a l i z e r b i t s  +  d i g i t b i t s ;
/ /  D e f i n e  p o r t s
/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
i n p u t  C K ;
/ /  I n p u t  w o r d  i n  2 ' s  c o m p l e m e n t  
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
/ /  O u t p u t  S i g n s  ( c o n c a t e n a t e d )
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;
/ /  O u t p u t  B i n a r y  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;
/ /  O u t p u t  O t h e r B a s e  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
w i r e  [  t w o b i t m o d e  : 0  ]  f i n a l _ s i g n ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t ;
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d ;
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  s e p _ m a n o u t ;
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w i r e  [  t w o b i t m o d e  : 0  ]  s e p _ s i g n o u t ;
s e p a r a t e s i g n _ n o c l k
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  





s e p _ m a n o u t ,  
s e p _ s i g n o u t
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  m a n i n ;  
r e g  [  t w o b i t m o d e  : 0  ]  s i g n i n ;
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  m a n l ;  
w i r e  [  t w o b i t m o d e  : 0  ]  s i g n l ;  
w i r e  [  s h i f t b i t s  - 1 : 0 ]  s h i f t l ;
a s s i g n  m a n l  =  m a n i n ;  
a s s i g n  s i g n l  =  s i g n i n ;  
a s s i g n  s h i f t l  =  0 ;
w i r e
w i r e
w i r e
w i r e
w i r e
w i r e
w i r e
w i r e
w i r e
i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o r i g o u t d i s c a r d ;  
i n t e r n a l b i t s  :  0  ]  m a n o u t d i s c a r d ;  
s h i f t b i t s  - 1 : 0 ]  s h i f t o u t d i s c a r d ;
i n t e r n a l b i t s  - 1 : 0 ]  m a n % M A G I C i % ;  
t w o b i t m o d e  : 0  ]  s i g n % M A G I C i % ;  
s h i f t b i t s  - 1 : 0 ]  s h i f t % M A G I C i % ;
( t w o b i t m o d e  +  1  )  *  ( % M A G I C i %  -  1  )  - 1 : 0 ]  s i g n s % M A G I C i %  
f i r s t b a s e b i t s  *  (  % M A G I C i %  -  1 ) - 1 : 0 ]  f i r s t s % M A G I C i % ;  
s e c o n d b a s e b i t s  *  (  % M A G I C i %  -  1  )  - 1 : 0 ]  s e c o n d s % M A G I C i % ;
- - M A G I C - -  3  
n o r m r a l u t  
# (
i n p u t b i t s ,
i n t e r n a l b i t s ,
f i r s t b a s e b i t s ,
s e c o n d b a s e b i t s ,
s e c o n d b a s e r e s e r v e d b i t s ,
n o r m a l i z e r b i t s ,
t w o b i t m o d e ,




C K ,  
m a n l ,  
s i g n l ,  
s h i f t l ,
o r i g o u t d i s c a r d ,
m a n o u t d i s c a r d ,
s h i f t o u t d i s c a r d ,
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o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
)  ;
- - M A G I C - -  
- - M A G I C - -  4  
n o r m r a l u t s u b t r a c t  
# (
i n p u t b i t s ,
i n t e r n a l b i t s ,
f i r s t b a s e b i t s ,
s e c o n d b a s e b i t s ,
s e c o n d b a s e r e s e r v e d b i t s ,
n o r m a l i z e r b i t s ,
t w o b i t m o d e ,
s h i f t b i t s
)
n r s l
(
C K ,  
m a n l ,  
s i g n l ,  
s h i f t l ,  
m a n 2  ,  
s i g n 2 ,  
s h i f t 2 ,  
s i g n s 2 ,  
f i r s t s 2 ,  
s e c o n d s 2
)  ;
- - M A G I C - -  
- - M A G I C - -  5
n o r m r a l u t s u b t r a c t d e l a y
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
s e c o n d b a s e r e s e r v e d b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  
s h i f t b i t s ,
% M A G I C j  %  -  1
)
n r s d % M A G I C j  %
(
C K ,
m a n % M A G I C j  % ,  
s i g n % M A G I C j % ,  
s h i f t % M A G I C j  % ,  
m a n % M A G I C k % ,  
s i g n % M A G I C k % , 
s h i f t % M A G I C k % ,  
s i g n s % M A G I C j % ,  
f i r s t s % M A G I C j  % ,  
s e c o n d s % M A G I C j  % ,  
s i g n s % M A G I C k % ,  
f i r s t s % M A G I C k % ,
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s e c o n d s % M A G I C k %
)  ;
- - M A G I C - -  0
- - M A G I C - -  4
n o r m r a l u t d e l a y
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
s e c o n d b a s e r e s e r v e d b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  
s h i f t b i t s ,  
d i g i t s  -  1
)
n r d % M A G I C n %
(
C K ,
m a n % M A G I C n % ,  
s i g n % M A G I C n % ,  
s h i f t % M A G I C n % ,  
o r i g o u t d i s c a r d ,  
m a n o u t d i s c a r d ,  
s h i f t o u t d i s c a r d ,  
s i g n s % M A G I C n % ,  
f i r s t s % M A G I C n % ,  
s e c o n d s % M A G I C n % ,  
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
)  ;
- - M A G I C - -
a l w a y s  @ (  p o s e d g e  C K  )
b e g i n
m a n i n  < =  s e p _ m a n o u t ;  
s i g n i n  < =  s e p _ s i g n o u t ;
e n d
e n d m o d u l e
m o d u l e  n o r m r a l u t (
C K ,
n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
o r i g o u t ,  
m a n o u t ,  
s h i f t o u t ,  
s i g n o u t ,  
f i r s t o u t ,  
s e c o n d o u t
p a r a m e t e r  i n p u t b i t s  =  1 0 ;
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p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;
i n p u t  C K ;
i n p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
i n p u t  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n i n ;  
i n p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t i n ;
o u t p u t  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  o r i g o u t ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o r i g o u t ;
o u t p u t  [  i n t e r n a l b i t s  :  0  ]  m a n o u t ;
r e g  [  i n t e r n a l b i t s  :  0  ]  m a n o u t ;
o u t p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
o u t p u t  [  t w o b i t m o d e  : 0  ]  s i g n o u t ;
r e g  [  t w o b i t m o d e  :  0  ]  s i g n o u t ;
o u t p u t  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t ;
o u t p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  n o r m _ m a n o u t ;
w i r e  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n o u t ;
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,
n o r m a l i z e r b i t s ,




n o r m _ m a n i n ,  
n o r m _ s i g n i n , 
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
)  ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  r a l u t _ m a n i n ;
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t ;
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d ;
r a l u t 3 _ % M A G I C d % _ n o c l k
# (
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e
)
r a l u t
(
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r a l u t _ m a n ,  
r a l u t _ f  i r s t ,  
r a l u t _ s e c o n d ,  
r a l u t _ m a n i n
)  ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  
r e g  [  t w o b i t m o d e  :  0  ]  s i g n l ;  
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t l ;
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;  
o r i g l  < =  n o r m _ m a n o u t ;  
s i g n l  < =  n o r m _ s i g n o u t ;  
s h i f t l  < =  s h i f t i n  +  n o r m _ s h i f t ;
e n d
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
i f (  t w o b i t m o d e  )  
b e g i n
i f  (  s i g n l  = =  0  ) 
b e g i n
f i r s t o u t  < =  0 ;  
s h i f t o u t  < =  0 ;
e n d
e l s e
b e g i n
f i r s t o u t  < =  r a l u t _ f i r s t  -  s h i f t l ;  
s h i f t o u t  < =  s h i f t l ;
e n d
e n d
e l s e
b e g i n
f i r s t o u t  < =  r a l u t _ f i r s t  -  s h i f t l ;  
s h i f t o u t  < =  s h i f t l ;
e n d
m a n o u t  < =  r a l u t _ m a n ;  
s e c o n d o u t  < =  r a l u t _ s e c o n d ;  
o r i g o u t  < =  o r i g l ;  
s i g n o u t  < =  s i g n l ;
e n d
e n d m o d u l e
o r i g l ;
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m o d u l e  s u b t r a c t (
C K ,
o r i g i n ,  
m a n i n ,  
s i g n i n ,  
s h i f t i n ,  
m a n o u t ,  
s i g n o u t ,  
s h i f t o u t
)  ;
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;
i n p u t  C K ;
i n p u t  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  o r i g i n ;
i n p u t  [  i n t e r n a l b i t s  :  0  ]  m a n i n ;
i n p u t  [  t w o b i t m o d e  :  0  ]  s i g n i n ;
i n p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t i n ;
o u t p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  m a n o u t ;  
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  m a n o u t ;  
o u t p u t  [  t w o b i t m o d e  : 0  ]  s i g n o u t ;  
r e g  [  t w o b i t m o d e  : 0  ]  s i g n o u t ;  
o u t p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;  
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
r e g  [  i n t e r n a l b i t s  :  0  ]  e r r o r _ l o w ,  e r r o r _ h i g h ;
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
s h i f t o u t  < =  s h i f t i n ;
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  o r i g i n  }  -  m a n i n ;  
e r r o r _ h i g h  =  m a n i n  -  {  2 ' b 0 1 ,  o r i g i n  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  o r i g i n  }  -  m a n i n ;  
e r r o r _ h i g h  =  m a n i n  -  {  1 ' b O ,  o r i g i n  } ;
e n d
i f (  e r r o r _ l o w  [  i n t e r n a l b i t s  ]  )  
b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
m a n o u t  < =  e r r o r _ h i g h [  i n t e r n a l b i t s  -  1  :  0  ] ;
e n d
e l s e
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b e g i n
/ /  L o a d  n o r m a l i z e r  w i t h  a b s o l u t e  e r r o r  
m a n o u t  < =  e r r o r _ l o w [  i n t e r n a l b i t s  -  1  :  0  ] ;
e n d
i f  (  t w o b i t m o d e  ) 
b e g i n
/ /  S e t  s i g n  f o r  d i g i t  b a s e d  o n  e r r o r  a n d  p r e v i o u s
s i g n o u t  < =  {  s i g n i n [  t w o b i t m o d e  ]  ^  e r r o r _ l o w [  i n t e r n a l b i t s  ] ,  l ' b l  } ;
e n d
e l s e
b e g i n
/ /  S e t  s i g n  f o r  d i g i t  b a s e d  o n  e r r o r  a n d  p r e v i o u s
s i g n o u t  < =  s i g n i n [  t w o b i t m o d e  ]  A  e r r o r _ l o w [  i n t e r n a l b i t s  ] ;
e n d
e n d
e n d m o d u l e
m o d u l e  d e l a y o u t p u t (
C K ,
s i g n i n ,  
f i r s t i n ,  
s e c o n d i n ,  
s i g n o u t ,  
f i r s t o u t , 
s e c o n d o u t
)  ;
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  d i g i t s  =  2 ;
i n p u t  C K ;
i n p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  s i g n i n ;
i n p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  f i r s t i n ;
i n p u t  t  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  s e c o n d i n ;
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  s i g n o u t ;  
r e g  [  ( t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  s i g n o u t ;  
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  -  1  :  0  ]  f i r s t o u t ;
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  f i r s t o u t ;  
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  s e c o n d o u t ;  
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  s e c o n d o u t ;
a l w a y s  @ (  p o s e d g e  C K  )  
b e g i n
s i g n o u t  < =  s i g n i n ;  
f i r s t o u t  < =  f i r s t i n ;
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s e c o n d o u t  < =  s e c o n d i n ;
e n d
e n d m o d u l e
m o d u l e  n o r m r a l u t s u b t r a c t (  
C K ,
n o r m _ _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
s h i f t o u t ,  
s i g n o u t ,  
f i r s t o u t ,  
s e c o n d o u t
p a r a m e t e r  i n p u t b i t s  =  1 0 ;  
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;
i n p u t  C K ;
i n p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
i n p u t  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n i n ;  
i n p u t  t  s h i f t b i t s  - 1 : 0 ]  s h i f t i n ;
o u t p u t [  i n t e r n a l b i t s  - 1 : 0  ]  n o r m  m a n o u t ;
o u t p u t [  t w o b i t m o d e  : 0 ] n o r m _ s i g n o u t ;
o u t p u t [  s h i f t b i t s  -  1 0  ]  s h i f t o u t ;
o u t p u t [  t w o b i t m o d e  : 0 ] s i g n o u t ;
o u t p u t [  f i r s t b a s e b i t s - 1 : 0 ]  f i r s t o u t ;
o u t p u t [  s e c o n d b a s e b i t s - 1 : 0 ]  s e c o n d o u t ;
w i r e  [ i n t e r n a l b i t s  -  1 - t w o b i t m o d e  : 0  ]  o r i g l ;
w i r e  [ i n t e r n a l b i t s  :  0 ] m a n o u t 1 ;
w i r e  [ t w o b i t m o d e  : 0  ] s i g n o u t 1 ;
w i r e  [ f i r s t b a s e b i t s  - 1 :  0  ]  f i r s t o u t l ;
w i r e  [ s e c o n d b a s e b i t s  - 1 : 0  ]  s e c o n d o u t l ;
w i r e  [ s h i f t b i t s  -  1  : 0 ]  s h i f t o u t l ;
n o r m r a l u t
# (
i n p u t b i t s ,
i n t e r n a l b i t s ,
f i r s t b a s e b i t s ,
s e c o n d b a s e b i t s ,
s e c o n d b a s e r e s e r v e d b i t s ,
n o r m a l i z e r b i t s ,
t w o b i t m o d e ,
s h i f t b i t s
)
n o r m r a l u t
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(
C K ,
n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
o r i g l ,  
m a n o u t 1 ,  
s h i f t o u t l ,  
s i g n o u t l ,  
f i r s t o u t l ,  
s e c o n d o u t 1
) ;
s u b t r a c t
# (
i n t e r n a l b i t s ,
t w o b i t m o d e ,





o r i g l ,  
m a n o u t 1 ,  
s i g n o u t l ,  
s h i f t o u t l ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
s h i f t o u t
)  ;
d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,
1
)
d e l a y e d
(
C K ,
s i g n o u t l ,  
f i r s t o u t l ,  
s e c o n d o u t 1 ,  
s i g n o u t ,  
f i r s t o u t ,  
s e c o n d o u t
)  ;
e n d m o d u l e
m o d u l e  n o r m r a l u t d e l a y ( 
C K ,
n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
o r i g o u t ,  
m a n o u t ,  
s h i f t o u t ,
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o t h e r s i g n i n ,  
o t h e r f i r s t i n ,  
o t h e r s e c o n d i n ,  
o t h e r s i g n o u t ,  
o t h e r f i r s t o u t ,  
o t h e r s e c o n d o u t
)  ;
p a r a m e t e r  i n p u t b i t s  =  1 0 ;  
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;  
p a r a m e t e r  o t h e r d i g i t s  =  1 ;
i n p u t  C K ;
i n p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
i n p u t  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n i n ;  
i n p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t i n ;
i n p u t  [  (  (  t w o b i t m o d e  +  1  )  *  o t h e r d i g i t s  )  - 1 : 0 ]  o t h e r s i g n i n ;  
i n p u t  [  (  f i r s t b a s e b i t s  *  o t h e r d i g i t s  )  - 1 : 0 ]  o t h e r f i r s t i n ;
i n p u t  [  (  s e c o n d b a s e b i t s  *  o t h e r d i g i t s  )  - 1 : 0 ]  o t h e r s e c o n d i n ;
o u t p u t  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o r i g o u t ;
o u t p u t  [  i n t e r n a l b i t s  :  0  ]  m a n o u t ;
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  (  o t h e r d i g i t s  +  1  )  -  1  :  0  ]  o t h e r s i g n o u t ;
o u t p u t  [  f i r s t b a s e b i t s  *  ( o t h e r d i g i t s  +  1  ) - 1 : 0 ]  o t h e r f i r s t o u t ;
o u t p u t  [  s e c o n d b a s e b i t s  *  (  o t h e r d i g i t s  +  1  )  - 1 : 0 ]  o t h e r s e c o n d o u t ;
o u t p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
n o r m r a l u t
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
s e c o n d b a s e r e s e r v e d b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  





n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
o r i g o u t ,  
m a n o u t , 
s h i f t o u t ,
o t h e r s i g n o u t [  (  t w o b i t m o d e  +  1  )  *  ( o t h e r d i g i t s  +  1  )  -  1  :  (  t w o b i t m o d e  +
1  )  *  o t h e r d i g i t s  ]  ,
o t h e r f i r s t o u t [  f i r s t b a s e b i t s  *  ( o t h e r d i g i t s  +  1  )  -  1  :  f i r s t b a s e b i t s  *  
o t h e r d i g i t s  ] ,
o t h e r s e c o n d o u t [  s e c o n d b a s e b i t s  *  (  o t h e r d i g i t s  +  1  )  -  1  :  s e c o n d b a s e b i t s  *
o t h e r d i g i t s  ]
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w i r e  [  (  t w o b i t m o d e  +  1  ) *  o t h e r d i g i t s  - 1 : 0 ]  o t h e r s i g n ;  
w i r e  [  f i r s t b a s e b i t s  *  o t h e r d i g i t s  - 1 : 0 ]  o t h e r f i r s t ;  
w i r e  [  s e c o n d b a s e b i t s  *  o t h e r d i g i t s  - 1 : 0 ]  o t h e r s e c o n d ;
d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
o t h e r d i g i t s
)
d e l a y e d l
(
C K ,
o t h e r s i g n i n ,  
o t h e r f i r s t i n ,  
o t h e r s e c o n d i n ,  
o t h e r s i g n ,  
o t h e r f i r s t ,  
o t h e r s e c o n d
)  ;
d e l a y o u t p u t
# (
f i r s t b a s e b i t s , 
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
o t h e r d i g i t s
)
d e l a y e d 2  
(
C K ,
o t h e r s i g n ,  
o t h e r f i r s t ,  
o t h e r s e c o n d ,
o t h e r s i g n o u t [  (  t w o b i t m o d e  +  1  )  *  o t h e r d i g i t s  -  1  :  0  ] ,  
o t h e r f i r s t o u t [  f i r s t b a s e b i t s  *  o t h e r d i g i t s  - 1 : 0 ] ,  
o t h e r s e c o n d o u t [  s e c o n d b a s e b i t s  *  o t h e r d i g i t s  - 1 : 0 ]
)  ;
e n d m o d u l e
m o d u l e  n o r m r a l u t s u b t r a c t d e l a y (
C K ,
n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
n o r m _ m a n o u t ,  
n o r m _ s  i g n o u t ,  
s h i f t o u t ,  
o t h e r s i g n i n ,  
o t h e r f i r s t i n ,  
o t h e r s e c o n d i n ,  
o t h e r s i g n o u t ,  
o t h e r f i r s t o u t ,  
o t h e r s e c o n d o u t
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p a r a m e t e r  i n p u t b i t s  =  1 0 ;  
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;  
p a r a m e t e r  o t h e r d i g i t s  =  1 ;
i n p u t  C K ;
i n p u t  [  i n t e r n a l b i t s  -  
[  t w o b i t m o d e  :  0  
[  s h i f t b i t s  -  1  : 
[  (  t w o b i t m o d e  +
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
[  f i r s t b a s e b i t s  *  o t h e r d i g i t s  -  1  
[  s e c o n d b a s e b i t s  *  o t h e r d i g i t s  -  1
1 : 0 ]  n o r m _ m a n i n ;
]  n o r m _ s i g n i n ;
0  ]  s h i f t i n ;
1  )  *  o t h e r d i g i t s  - 1 : 0 ]  o t h e r s i g n i n ;
0  ]  o t h e r f i r s t i n ;
0  ]  o t h e r s e c o n d i n ;
o u t p u t
o u t p u t
o u t p u t
o u t p u t
o u t p u t
o u t p u t
[  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n o u t ;
[  t w o b i t m o d e  :  0  ]  n o r m _ s i g n o u t ;
[  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
(  t w o b i t m o d e  +  1  )  *  (  o t h e r d i g i t s  +  1  )[
[  f i r s t b a s e b i t s  * 
[  s e c o n d b a s e b i t s
(  o t h e r d i g i t s  +  1  ) 
(  o t h e r d i g i t s  +  1
- 1 : 0 ]  o t h e r s i g n o u t ;  
- 1 : 0 ]  o t h e r f i r s t o u t ;  
- 1 : 0 ]  o t h e r s e c o n d o u t ;
n o r m r a l u t s u b t r a c t  
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
s e c o n d b a s e r e s e r v e d b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  




n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
s h i f t o u t ,
o t h e r s i g n o u t [  (  t w o b i t m o d e  +
1  )  *  o t h e r d i g i t s  ] ,  
o t h e r f i r s t o u t  [  f i r s t b a s e b i t s  *  
o t h e r d i g i t s  ] ,
o t h e r s e c o n d o u t [  s e c o n d b a s e b i t s  
o t h e r d i g i t s  ]
1  )  *  (  o t h e r d i g i t s  
(  o t h e r d i g i t s  +  1  
(  o t h e r d i g i t s  +
1 ) -  1 t w o b i t m o d e  +
f i r s t b a s e b i t s  *
-  1  :  s e c o n d b a s e b i t s  *
w i r e  [  { t w o b i t m o d e  +  1  )  *  o t h e r d i g i t s  
w i r e  [  f i r s t b a s e b i t s  *  o t h e r d i g i t s  -  1  : 
w i r e  [  s e c o n d b a s e b i t s  *  o t h e r d i g i t s  -  1
d e l a y o u t p u t
- 1 : 0 ]  o t h e r s i g n l ,  o t h e r s i g n 2 ;  
0  ]  o t h e r f i r s t l ,  o t h e r f i r s t 2 ;
: 0  ]  o t h e r s e c o n d l ,  o t h e r s e c o n d 2 ;
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# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
o t h e r d i g i t s
)
d e l a y e d l
(
C K ,
o t h e r s i g n i n ,  
o t h e r f i r s t i n ,  
o t h e r s e c o n d i n ,  
o t h e r s i g n l ,  
o t h e r f i r s t l ,  
o t h e r s e c o n d l
) ;
d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  •
s e c o n d b a s e b i t s ,
t w o b i t m o d e ,
o t h e r d i g i t s
)
d e l a y e d 2  
(
C K ,
o t h e r s i g n l ,  
o t h e r f i r s t l ,  
o t h e r s e c o n d l ,  
o t h e r s i g n 2 ,  
o t h e r f i r s t 2 ,  
o t h e r s e c o n d 2
) ;
d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
o t h e r d i g i t s
)
d e l a y e d 3
(
C K ,
o t h e r s i g n 2 ,  
o t h e r f i r s t 2 ,  
o t h e r s e c o n d 2 ,
o t h e r s i g n o u t [  (  t w o b i t m o d e  +  1  )  *  o t h e r d i g i t s  - 1 : 0 ] ,  
o t h e r f i r s t o u t  [  f i r s t b a s e b i t s  *  o t h e r d i g i t s  -  1  :  0  ]  ,  
o t h e r s e c o n d o u t [  s e c o n d b a s e b i t s  *  o t h e r d i g i t s  - 1 : 0 ]
) ;
e n d m o d u l e
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B.1.9 Parallel High/Low w-Digit Binary to 2DLNS
The Unix shell script for the parallel high/low n-digit converter also uses the standard set 
of arguments. The number of digits can be 2 and up. A considerable amount of stream 
processing is performed to generate the binary tree and the interconnects. The conversion 
parameters are processed as well.
Stream  Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
--MAGIC-- 3 Generate the interconnects (sign, error and shift) between the 
main normalizer/RALUT/dualsubtraction blocks, the 
interconnects between the comparator blocks (error, shift, 
MDLNS digits)
--MAGIC-- 4 Generate the interconnects (MDLNS digits) between from 
the main normalizer/RALUT/dualsubtraction blocks to the 
delay blocks to the comparator blocks
--MAGIC-- 5 Instantiate the normalizer/RALUT/dualsubtraction blocks 
and comparator blocks while connecting to all the required
nets
--MAGIC-- 6 Instantiate the last normalizer/RALUT/subtraction blocks 
while connecting to all the required nets
--MAGIC-- 7 Instantiate the delay blocks which are inline with the 
comparator blocks while connecting to all the required nets
%MAGICi% During - - MAGI C - - 3, replace %MAGI Ci % with the 
current level
%MAGICj % During - -MAGIC- - 3, replace %MAGICj % with the 
current column
%MAGICh% During - -MAGIC- - 4 and - -MAGIC- - 7, replace 
%MAGICk% with a combination of the current level, column,
and delay
%MAGICg% During - - MAGIC - - 7, replace %MAGICg% with a 
combination of the current level, column, and delay + 1
%MAGICk% During - -MAGIC- - 5 and - -MAGIC- - 6 replace 
%MAGICk% with a combination o f the current level and
column
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Stream  Elem ent Processing Event
%MAGIC1% During - - MAG IC - - 5, replace % MAG IC1 % with lower left 
leaf combination of the current level and column
%MAGICm% During - -MAGIC- - 5, replace %MAGICra% with lower 
right leaf combination of the current level and column
%MAGICn% During - -MAGIC- - 5, replace %MAGICn% with 
connecting delay net number;
During - -MAGIC- - 7, replace %MAGICn% with necessary 
number of delay cycles
%MAGICo% During - -MAGIC- - 5, replace %MAGICo% with number of 
digits which should be passed along side the comparator
blocks
B.l.9.1 makeparallelndigithighlow.sh
# ! / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  n - d i g i t  p a r a l l e l  h i g h / l o w  b i n a r y  t o  2 D L N S  c o n v e r t e r  
i f  t e s t  $ #  - I t  7 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  i n p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  
s e c o n d b a s e r e s e r v e d b i t s  d i g i t s  e x t r a p r e c  z e r o f l a g "  1 > & 2
e c h o  " b a s e , f i l e =  n u m e r i c a l b a s e o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " i n p u t b i t s =  n u m b e r o f b i t s f o r  i n p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s =  n u m b e r o f b i t s f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s =  n u m b e r o f b i t s f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1  > & 2
e c h o  " s e c o n d b a s e r e s e r v e d b i t s =  n u m b e r o f b i t s f o r  t h e  e l i m i n a t e  f r o m  t h e
s e c o n d  b a s e  i n d e x "  1 > & 2
e c h o  " d i g i t s =  n u m b e r o f d i g i t s  t o  g e n e r a t e "  1 > & 2
e c h o  " e x t r a p r e c =  n u m b e r o f e x t r a . p r e c i s i o n  b i t s "  1 > & 2
e c h o  " z e r o f l a g =  - z  ( 2  b i t s i g n ) o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t e r = T E M P L A T E _ p a r a l l e l n d i g i t h i g h l o w . v  
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ s i m u l a t i o n _ p a r a l l e l . v  
T E M P L A T E _ s e p a r a t e = T E M P L A T E _ s e p a r a t e s i g n _ n o c l k . v  
T E M P L A T E _ n o r m a l i z e r = T E M P L A T E _ n o r m a l i z e r _ n o c l k . v
#  D e f i n e  t o o l s
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C O M M A N D _ r a l u t = . / m a k e r a l u t . s h
C O M M A N D _ t o b i n a r y = . / t o b i n a r y
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e
C O M M A N D _ n a w k = / u s r / b i n / n a w k
C O M M A N D _ c a t = / u s r / b i n / c a t
C O M M A N D _ r m = / u s r / b i n / r m
C O M M A N D _ w c = / u s r / b i n / w c
C O M M A N D _ t r = / u s r / b i n / t r
C O M M A N D _ c u t = / u s r / b i n / c u t
C O M M A N D _ u n i q = / u s r / b i n / u n i q
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
I N P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S  E  C O N D B A S  E B I T S = $ 4
S E C O N D B A S E R E S E R V E D B I T S = $  5
D I G I T S = $ 6
E X T R A P R E C = $  7
Z M 0 D E = $ 8
#  F i n d  i n t e r n a l b i t s  f r o m  i n p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E R N A L B I T S = ' e c h o  $ I N P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  (  $ 1  +  $ 2  ) ; \
}\
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W 0 B I T M 0 D E = 1
e l s e
i f  [  " $ Z M O D E "  =  " - z "  ] ;  t h e n  
T W O B I T M O D E = l  
e l i f  [  " $ Z M O D E "  =  " - n z "  ] ;  t h e n  
T W O B I T M O D E =  0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  F i n d  - 2 A ( I N P U T B I T S - 1 )  f o r  s i m u l a t i o n  s t a r t  
s t a r t e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
{\
p r i n t  (  -  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  ) ; \
}\
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#  F i n d  l'~ ( I N P U T B I T S - 1 )  - 1  f o r  s i m u l a t i o n  s t o p  
s t o p p e r = ' e c h o  $ I N P U T B I T S  | $ C O M M A N D _ n a w k  ' \
( \
p r i n t  (  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  )  -  1  ) ; \
} \
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1  +  1 ; \
} \
#  F i n d  2 A  ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S = ' e c h o  $ S E C O N D B A S E B I T S  |  $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  F i n d  2 ^ ( S E C O N D B A S E R E S E R V E D B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n
M A X S E C O N D B A S E R E S E R V E B I T S = ' e c h o  $ S E C O N D B A S E R E S E R V E D B I T S  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  e x p (  (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  F i n d  N O R M A L I Z E R B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
N O R M A L I Z E R B I T S = ' e c h o  $ I N T E R N A L B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  i n t (  l o g (  $ 1  )  /  l o g (  2 . 0  )  )  +  1 ; \
} \
#  F i n d  D I G I T B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h  
D I G I T B I T S = ' e c h o  $ D I G I T S  | $ C O M M A N D _ n a w k  ' \
{ \
a  =  (  $ 1  -  1  )  ;
i f  (  a  = =  0  )  a  =  a  +  1  ;
a  =  l o g (  a  )  /  l o g (  2 . 0  ) ; \
i f  (  i n t ( a )  ! = a ) a  =  a  +  l ; \
p r i n t  (  i n t (  a  )  +  1  ) ; \
} \
#  F i n d  L A T E N C Y  f o r  s i m u l a t i o n  
L A T E N C Y = ' e c h o  $ D I G I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  (  1  +  $ 1  *  3  +  $ 1  -  1  ) ; \
} \
#  F i n d  D I G I T B I T S  t o  d e t e r m i n e  d a t a p a t h  w i d t h
#  R e m o v e  a n y  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
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#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  $ M A X S E C O N D B A S E R E S E R V E B I T S  $ B A S E  
$ I N T E R N A L B I T S  $ Z M O D E  >  / t m p / r a w . $ $
#  F i n d  t h e  n u m b e r  o f  e n t r i e s  i n  t h e  t a b l e
R O W S  = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ w c  - 1  | $ C O M M A N D _ t r  - d  '  ' '
#  F i n d  t h e  n u m b e r  o f  u n i q u e  e n t r i e d  i n  t h e  t a b l e
A C T = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ c u t  - f 2  | $ C O M M A N D _ u n i q  | $ C O M M A N D _ w c  -  
1  | $ C O M M A N D _ t r  - d  '  ' '
#  S t o p  i f  t h e  t a b l e  d o e s  n o t  h a v e  u n i q u e  e n t r i e s  
i f  t e s t  $ A C T  - n e  $ R O W S ;  t h e n
e c h o  \ ' i s i z e \ '  i s  t o o  s m a l l .  T a b l e  e n t r i e s  a r e  n o t  u n i q u e .  1 > & 2
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
e x i t
f i
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
B E S T F I R S T B A S E B I T S  =  ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{ \
m a x  =  - 1 0 0 0 0 ; \  
m i n  =  1 0 0  0 0  ; \
} \  
{ \
#  S e e  i f  i t  i s  a  n e w  m a x i m u m  
i f ( $ 3  >  m a x  )  m a x  =  $ 3 ; \
i f (  $ 3  <  m i n  )  m i n  =  $ 3 ; \
} \
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f (  m i n  <  0  ) \
{ \
m i n  =  -  m i n ; \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
m i n  =  l o g (  m i n  )  /  l o g ( 2 . 0  ) ; \
i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
} \
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0 ; \
} \
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f (  m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \  
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f (  m i n  >  m a x  )  m a x  =  m i n ; \
} \
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e l s e \
{ \
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
m a x  =  0 ; \
} \
#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x , - \
} \
#  I n d i c a t e  i f  f i r s t b a s e b i t s  s h o u l d  b e  a d j u s t e d
i f  t e s t  $ B E S T F I R S T B A S E B I T S  - n e  $ F I R S T B A S E B I T S ;  t h e n
e c h o  \ ' f i r s t b a s e b i t s \ '  s h o u l d  p r o b a b l y  b e  $ B E S T F I R S T B A S E B I T S ,  n o t  
$ F I R S T B A S E B I T S  f o r  t h e  g i v e n  p a r a m e t e r s .  1 > & 2  
e c h o  G e n e r a t i n g  t h e  t a b l e  a s  r e q u e s t e d .  1 > & 2
f i
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  l a s t  l e v e l  R A L U T  e n t r i e s  
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{ \
1 = 0 ; \
} \  
{ \
#  J u s t  p r i n t  t h e  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e  
i f  (  $ 2  = =  0  )  \
{ \
p r i n t  $ 2 "  " $ 2 " " $ 3 "  " $ 1 ; \  
c o n t i n u e ;
} \
#  I f  n o t  t h e  f i r s t  l i n e ,  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a  
i f  (  1  ) \
{ \
p r i n t  i n t (  (  $ 2  +  o 2  )  /  2 ) "  " $ 2 "  " $ 3 "  " $ 1 ; \
} \
e l s e \
{ \
#  I f  t h e  f i r s t  l i n e ,  r e m e m b e r  t h e  d a t a
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
f l  =  $ 1 ; \  
f 2 = $2 ; \  
f 3  =  $ 3  ;  \
} \
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ l ; \
0 2  = $ 2 ; \
0 3  =  $ 3  ;  \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 =  1;
} \
E N D \
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{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  i n t (  (  f 2  *  2  +  o 2  )  /  2 ) "  " f 2 * 2 "  " f 3 + l "  " f l ; \
} \
'  I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S P I  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  
\
>  / t m p / b i t s . $ $
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a l u t 3 . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $ T W O B I T M O D E "  =  " 1 "  ] ;  t h e n
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " $ 2 " \ t " $ 3 " \ t " $ 4 ; \
} \
’  >  / t m p / r a l u t 3 . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t 3 . $ $
f i
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
#  G e n e r a t e  m a i n  l e v e l  R A L U T  e n t r i e s  
$ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  G e t  r e a d y  t o  r e m e m b e r  t h e  f i r s t  l i n e  
B E G I N \
{ \
1 = 0 ; \
} \  
{ \
#  J u s t  p r i n t  t h e  f i r s t  l i n e  i f  i t  f o r  t h e  o n e  b i t  s i g n  m o d e  
i f f  $ 2  = =  0  ) \
( \
p r i n t  $ 2 "  " $ 2 "  " $ 3 "  " $ 1 "  " $ 2 "  " $ 3 "  " $ 1 ; \  
c o n t  i n u e ;
} \
#  I f  n o t  t h e  f i r s t  l i n e  o u t p u t  a  r o w  o f  t h e  p r e v i o u s  a n d  c u r r e n t  d a t a
i f f  1  ) \
{ \
p r i n t  o 2 "  " o 2 "  " o 3 "  " o l "  " $ 2 "  " $ 3 "  " $ 1 ; \
} \
e l s e \
{ \
#  I f  t h e  f i r s t  l i n e ,  r e m e m b e r  t h e  d a t a
f l  =  $ 1 ;  \  
f 2 = $2 ; \  
f 3  =  $ 3  ;  \
} \
#  S t o r e  t h e  c u r r e n t  r o w  f o r  o u t p u t  o n  t h e  n e x t  r o w
0 1  =  $ 1 ; \
0 2  =  $ 2 ; \
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0 3  =  $ 3 ; \
#  N o t  t h e  f i r s t  l i n e  a n y m o r e  
1 =  1;
} \
E N D \
{ \
#  P r i n t  t h e  c y c l i c a l  l a s t  r o w
p r i n t  o 2 "  " o 2 "  " o 3 "  " o l "  " f 2 * 2 "  " f 3 + l "  " f l ; \
} \
'  I \
$ C O M M A N D _ t o b i n a r y  $ I N T E R N A L B I T S  $ I N T E R N A L B I T S  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  
$ I N T E R N A L B I T S P I  - $ F I R S T B A S E B I T S  - $ S E C O N D B A S E B I T S  \
>  / t m p / b i t s . $ $
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a l u t 6 . $ $
#  R e m o v e  r e d u n d a n t  o n e s  f r o m  t a b l e  i f  i n  t w o - b i t  s i g n  m o d e  
i f  [  " $ T W O B I T M O D E "  =  " 1 "  ] ;  t h e n
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  s u b s t r ( $ 1 , 2 ) " \ t " s u b s t r ( $ 2 , 2 ) " \ t " $ 3 " \ t " $ 4 " \ t " $ 5 " \ t " $ 6 " \ t " $ 7 ; \
} \
'  >  / t m p / r a l u t 6 . $ $  
e l s e
$ C O M M A N D _ c a t  / t m p / b i t s . $ $  >  / t m p / r a l u t 6 . $ $
f i
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i t s . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  s i m u l a t i o n  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;  
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  s t a r t e r  =  $ s t a r t e r ;  
p a r a m e t e r  s t o p p e r  =  $ s t o p p e r ;  
p a r a m e t e r  l a t e n c y  =  $ L A T E N C Y ;
E N D P A R A M
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s i m u l a t i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0 ;  \
1  =  0 ;  \
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} \  
( \
#  L o o k  f o r  m a g i c  w o r d
i f f  $ 1  = =  " - - M A G I C - - "  ) \
{\
m  =  $ 2  ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
( \
c o n t i n u e ; \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
( \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f (  m  = =  3  ) \
{ \
p r i n t  M O D U L E N A M E ; \
} \
m  =  0  ;  \  
c o n t i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $  0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
p r i n t  $ 0 ; \
} \  
} \
} '  M O D U L E N A M E = p a r a l l e l n d i g i t h i g h l o w
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $  $
#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  i n p u t b i t s  =  $ I N P U T B I T S ;  
p a r a m e t e r  i n t e r n a l b l t s  =  $ I N T E R N A L B I T S ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  $ S E C O N D B A S E R E S E R V E D B I T S ;
p a r a m e t e r  n o r m a l i z e r b i t s  =  $ N O R M A L I Z E R B I T S ;
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;
p a r a m e t e r  d i g i t s  =  $ D I G I T S ;
p a r a m e t e r  d i g i t b i t s  =  $ D I G I T B I T S ;
E N D P A R A M
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#  G e n e r a t e  u n i q u e  m e m o r y  I D  f o r  3  o u t p u t  R A L U T  
F I L E I D 3 = ' $ C 0 M M A N D _ c k s u m  / t r a p / r a l u t 3 . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  G e n e r a t e  u n i q u e  m e m o r y  I D  f o r  6  o u t p u t  R A L U T  
F I L E I D 6 =  ~ $ C O M M A N D _ c k s u m  / t m p / r a l u t 6 . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  
$ C O M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t e r  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0  ;  \
1  =  0 ; \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m = $2 ; \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
( \
c o n t i n u e ; \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
e l s e  i f (  m  = =  3  ) \
{ \
Z  =  0  ;  \  
g e t l i n e ; \  
d o \
{ \
r e p e a t [  z  ]  =  $ 0 ; \  
z  =  z  +  1  ;  \  
g e t l i n e ; \
}  w h i l e (  $ 1  ! =  " - - M A G I C - - "  ) ; \  
m l  =  1 ; \
f o r (  i  =  0 ;  i  <  d i g i t s  ;  i  =  i  +  1  ) \
{ \
f o r (  j  =  0 ;  j  <  m l  ;  j  =  j  +  1  ) \
{ \
f o r ( k = 0  ;  k < z  ;  k = k + l  ) \
{ \
b  =  r e p e a t [  k  ] ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \
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i f (  n  ) \
{ \
w h i l e (  n  ) \
{ \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " i "  ) \
{ \
a  =  i ; \
}\
e l s e  i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " j "  ) \
{\
a  =  j  ;  \
}\
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r (  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \
}\  
}\
p r i n t  b ; \
}\  
}\
m l  =  m l  *  2 ; \
}\  
}\
e l s e  i f (  m  = =  4  ) \
{ \
z  =  0  ;  \  
g e t l i n e ; \  
d o \
{\
r e p e a t [  z  ]  =  $ 0 ; \  
z  =  z  +  1 ;  \  
g e t l i n e ; \
}  w h i l e (  $ 1  ! =  " - - M A G I C - - "  ) ; \  
m l  =  2  ;  \
f o r (  i  =  1 ;  i  <  d i g i t s  ;  i  =  i  +  1  ) \
{ \
f o r (  j  =  0 ;  j  <  m l  ;  j  =  j  +  1  ) \
{ \
f o r (  k  =  0  ;  k  <  (  d i g i t s  - i )  * 2  ; k = k + l ) \
{ \
f o r ( 1 = 0 ; 1 < Z ; 1 = 1 + 1 ) \
{ \
b  =  r e p e a t [  1  ] ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
i f (  n  ) \
{\
w h i l e (  n  ) \
{ \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " h "  ) \
{ \
a  =  i  j  k ; \
}\
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  a  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \
}\  
}\
p r i n t  b ; \
} \  
} \
} \
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m l  =  m l  *  2  ; \
}\  
}\
e l s e  i f (  m  = =  5  ) \
{ \
z  =  0 ; \  
g e t l i n e ; \  
d o \
{ \
r e p e a t  [  z  ]  =  $ 0 ; \  
z  =  z  +  1 , -  \  
g e t l i n e ; \
}  w h i l e (  $ 1  ! =  " - - M A G I C - - "  ) ; \  
m l  =  1 ;  \
f o r (  i  =  0 ;  i  <  d i g i t s  - l ; i = i + l ) \
{ \
f o r ( j  = 0 ;  j  < m l  ;  j  =  j  + 1 ) \
{ \
f o r ( k = 0  ;  k < z  ;  k = k + l  ) \
{ \
b  =  r e p e a t  [  k  ] ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
i f (  n  ) \
{ \
w h i l e (  n  ) \
{ \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " k "  ) \
{ \
a  =  i  j ; \
} \
e l s e  i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " 1 "  ) \
{\
a  =  (  i  +  1  )  (  j  *  2  )  ; \
} \
e l s e  i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " m "  ) \
( \
a  =  (  i  +  1  )  (  j  *  2  +  1  )  ;  \
} \
e l s e  i f f  s u b s t r f  b ,  n  +  6 ,  1  )  = =  " n "  ) \
{\
a  =  (  (  d i g i t s  -  i  -  1  } * 2 - 1 ) ; \
} \
e l s e  i f f  s u b s t r f  b ,  n  +  6 ,  1  )  = =  " o "  ) \
{ \
a  =  (  d i g i t s  -  i  -  1  ) ; \
} \
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r f  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \
} \
}\
p r i n t  b ; \
} \  
} \
m l  =  m l  *  2  ; \
} \  
} \
e l s e  i f (  m  = =  6  ) \
( \
z  =  0  ;  \
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g e t l i n e ; \  
d o \
{\
r e p e a t  [  z  ]  =  $ 0 ; \  
z  =  z  +  1 ;  \  
g e t l i n e ; \
}  w h i l e (  $ 1  ! =  " - - M A G I C - - "  ) ; \  
m l  =  1 ;  \
f o r (  i  =  0 ;  i  <  d i g i t s  - l ; i = i + l ) \
{ \
m l  =  m l  *  2  ; \
}\
f o r (  j  =  0 ;  j  <  m l  ;  j  =  j  +  1  ) \
{ \
f o r  (  k  =  0  ;  k  <  z  ;  k  =  k  +  1  ) \
{ \
b  =  r e p e a t [  k  ] ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
i f (  n  ) \
{ \
w h i l e (  n  ) \
( \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " k "  ) \
{\
a  =  i  j ;  \
} \
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r f  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \
}\  
} \




e l s e  i f (  m  = =  7  ) \
{ \
Z  =  0  ;  \  
g e t l i n e ; \  
d o \
( \
r e p e a t [  z  ]  =  $ 0 ; \  
z  =  z  +  1 ;  \  
g e t l i n e ; \
}  w h i l e  f  $ 1  ! =  " - - M A G I C - - "  ) ; \  
m l  =  2  ;  \
f o r f  i  =  1 ;  i  <  d i g i t s  ;  i  =  i  +  1  ) \
{ \
f o r (  j  =  0 ;  j  <  m l  ;  j  =  j  +  1  ) \
{ \
f o r  (  k  =  0  ;  k  <  (  (  d i g i t s  -  i )  *  2  -  1  )  ; k  =  k + l ) \
{ \
f o r f  1 = 0  ;  1 < Z  ;  1  =  1  +  1  ) \
{ \
b  =  r e p e a t [  1  ] ; \  
n  =  m a t c h ( b ,  " % M A G I C . % "  ) ; \  
i f f  n  ) \
{ \
w h i l e (  n  ) \
{\
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i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " h "  ) \
{\
a  =  i  j  k ; \
} \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " g "  ) \
{ \
a  =  i  j  ( k  +  1  ) ; \
} \
i f (  s u b s t r (  b ,  n  +  6 ,  1  )  = =  " n "  ) \
{ \
i f (  k  <  (  d i g i t s  -  i  )  ) \
{ \
a  =  "  3  "  ;  \
} \
e l s e
( \
a  =  "  "  ;  \
} \  
}\
b  =  s u b s t r ( b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r (  b ,  n  +  8  )  ; \
n  =  m a t c h f  b ,  " % M A G I C . % "  ) ; \
} \  
} \
p r i n t  b ; \
} \  
} \  
} \
m l  =  m l  *  2  ; \
} \  
} \
m = 0 ; \  
c o n t  i n u e ; \
}\
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e  ( n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D 3  " "  s u b s t r f  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
}\
n  =  m a t c h f  b ,  " % M A G I C e % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  F I L E I D 6  " "  s u b s t r f  b ,  n  +  8  )  ; \
n  =  m a t c h f  b ,  " % M A G I C e % "  ) ; \
}\
p r i n t  b ; \
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}\  
}\
} '  d i g i t s = $ D I G I T S  F I L E I D 3 = $ F I L E I D 3  F I L E I D 6 = $ F I L E I D 6
#  G e n e r a t e  s e p a r a t e s i g n  c o d e
$ C O M M A N D _ c a  t  $ T E M P L A T E _ s e p a r a t e
#  G e n e r a t e  n o r r a a l i z e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ n o r m a 1 i  z e r
#  G e n e r a t e  v e r i l o g  c o d e  f o r  m a i n  l e v e l  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t 6 . $ $
#  G e n e r a t e  v e r i l o g  c o d e  f o r  l a s t  l e v e l  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / r a l u t 3 . $ $
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a l u t 3 . $ $
$ C O M M A N D _ r m  - f  / t m p / r a l u t 6 . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
B. 1.9.2 TEMPLATE_paralIelndigithighlow.v
/ /  D e f i n e  P a r a l l e l  n - D i g i t  H i g h / L o w  C o n v e r s i o n  M o d u l e
m o d u l e  p a r a l l e l n d i g i t h i g h l o w (
C K ,
i ,
o u t p u t _ s i g n ,  
o u t p u t _ f i r s t ,  
o u t p u t _ s e c o n d
)  ;
/ /  D e f i n e  p a r a m e t e r s
/ /  i n p u t b i t s :  I n p u t  w o r d  s i z e  i n  b i t s
/ /  i n t e r n a l b i t s :  I n t e r n a l  w o r k i n g  b i t  s i z e  ( > =  i n p u t b i t s )
/ /  f i r s t b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  
/ /  s e c o n d b a s e b i t s : N u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
/ /  s e c o n d b a s e r e s e r v e d b i t s : N u m b e r  o f  b i t s  f o r  e x c l u s i o n  o n  t h e  s e c o n d b a s e  i n d e x  
/ /  n o r m a l i z e r b i t s : N u m b e r  o f  b i t s  f o r  s h i f t  f r o m  n o r m a l i z e r  
/ /  t w o b i t m o d e :  S i g n  m o d e  ( 1  f o r  t w o - b i t s ,  0  f o r  o n e - b i t )
/ /  d i g i t s :  N u m b e r  o f  d i g i t s
/ /  d i g i t b i t s :  N u m b e r  o f  b i t s  f o r  d i g i t  c o u n t e r  
- - M A G I C - -  2
I I  I n t e r n a l  s h i f t e r  b i t s ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
/ /  S e t  i t  t o  f l o o r (  l o g (  m a x _ s h i f t t o t a l  )  /  l o g ( 2 . 0  )  )  +  1  
p a r a m e t e r  s h i f t b i t s  =  n o r m a l i z e r b i t s  +  d i g i t b i t s ;
/ /  I n t e r n a l  c o m p a r i t o r  a c c u r a c y ,  t h i s  s h o u l d  b e  a d j u s t e d  a f t e r  s i m u l a t i o n  
/ /  S e t  i t  t o  m a x _ s h i f t d i f f e r e n c e  
p a r a m e t e r  s h i f t d i f f e r e n c e  =  2 0 ;
/ /  D e f i n e  p o r t s
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/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
i n p u t  C K ;
/ /  I n p u t  w o r d  i n  2 ' s  c o m p l e m e n t  
i n p u t  [  i n p u t b i t s  -  1  :  0  ]  i ;
/ /  O u t p u t  S i g n s  ( c o n c a t e n a t e d )
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  - 1 : 0 ]  o u t p u t _ s i g n ;
/ /  O u t p u t  B i n a r y  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ f i r s t ;
/ /  O u t p u t  O t h e r B a s e  e x p o n e n t  ( c o n c a t e n a t e d )
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  - 1 : 0 ]  o u t p u t _ s e c o n d ;
w i r e  [  t w o b i t m o d e  : 0  ]  f i n a l _ s i g n ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l _ f i r s t ;
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l _ s e c o n d ;
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  s e p _ m a n o u t ;  
w i r e  [  t w o b i t m o d e  : 0  ]  s e p _ s i g n o u t ;
s e p a r a t e s i g n _ n o c l k  
# (
i n p u t b i t s ,
i n t e r n a l b i t s ,





s e p _ m a n o u t ,
s e p _ s i g n o u t
)  ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  m a n i n ;  
r e g  [  t w o b i t m o d e  :  0  ]  s i g n i n ;
- - M A G I C - -  3
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  i m a n _ % M A G I C i % _ % M A G I C j % ;  
w i r e  [  t w o b i t m o d e  :  0  ]  i s i g n _ % M A G I C i % _ % M A G I C j % ;  
w i r e  [  s h i f t b i t s  - 1 : 0 ]  i s h i f t _ % M A G I C i % _ % M A G I C j % ;
- - M A G I C - -  0
a s s i g n  i m a n _ 0 _ 0  =  m a n i n ;  
a s s i g n  i s i g n _ 0 _ 0  =  s i g n i n ;  
a s s i g n  i s h i f t _ 0 _ 0  =  0 ;
- - M A G I C - -  3
w i r e  [  i n t e r n a l b i t s  - 1 : 0 ]  o m a n _ % M A G I C i % _ % M A G I C j  % ;  
w i r e  [  s h i f t b i t s  - 1 : 0 ]  o s h i f t _ % M A G I C i % _ % M A G I C j % ;
- - M A G I C - -  0
- - M A G I C - -  3
w i r e  [  (  t w o b i t m o d e  +  1  )  *  (  d i g i t s  -  % M A G I C i %  ) -  1  :  0  ]  
l a s t s i g n _ % M A G I C i % _ % M A G I C j  % ;  
w i r e  [  f i r s t b a s e b i t s  *  (  d i g i t s  -  % M A G I C i %  )  -  1  : 0  ]
l a s t f i r s t _ % M A G I C i % _ % M A G I C j % ;  
w i r e  [  s e c o n d b a s e b i t s  *  (  d i g i t s  -  % M A G I C i %  )  - 1 : 0 ]
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l a s t s e c o n d _ % M A G I C i % _ % M A G I C j  %  ;
- - M A G I C - -  0
a s s i g n  o u t p u t _ s i g n  =  l a s t s i g n _ 0 _ 0 ;  
a s s i g n  o u t p u t _ f i r s t  =  l a s t f i r s t _ 0 _ 0 ;  
a s s i g n  o u t p u t _ s e c o n d  =  l a s t s e c o n d _ 0 _ 0 ;
- - M A G I C - -  4
w i r e  [  t w o b i t m o d e  : 0  ]  d i g i t s i g n % M A G I C h % ;  
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  d i g i t f i r s t % M A G I C h % ;  
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  d i g i t s e c o n d % M A G I C h % ;  
- - M A G I C - -  0
- - M A G I C - -  5  
n o r m r a l u t s u b t r a c t d u a l  
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
s e c o n d b a s e r e s e r v e d b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  
s h i f t b i t s
)
n r s d % M A G I C k %
(
C K ,
i m a n % M A G I C k % ,  
i s i g n % M A G I C k % ,  
i s h i f t % M A G I C k % ,  
i m a n % M A G I C l % ,  
i s i g n % M A G I C l % ,  
i s h i f t % M A G I C l % ,  
i m a n % M A G I C m % , 
i s i g n % M A G I C m % , 
i s h i f t % M A G I C m % ,  
d i g i t s i g n % M A G I C l % _ 0 ,  
d i g i t f i r s t % M A G I C l % _ 0 ,  
d i g i t s e c o n d % M A G I C l % _ 0 ,  
d i g i t s i g n % M A G I C m % _ 0 ,  
d i g i t f i r s t % M A G I C m % _ 0 ,  
d i g i t s e c o n d % M A G I C m % _ _ 0
)  ;
c o m p a r e e r r o r
# (
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  
s h i f t b i t s ,  
s h i f t d i f f e r e n c e ,
% M A G I C o %
)
c e % M A G I C k %
(
C K ,
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o m a n % M A G I C l % ,
o s h i f t % M A G I C l % ,
o m a n % M A G I C m % ,
o s h i f t % M A G I C m % ,
d i g i t s i g n % M A G I C l % _ % M A G I C n % ,
d i g i t f i r s t % M A G I C l % _ % M A G I C n % ,
d i g i t s e c o n d % M A G I C l % _ % M A G I C n % ,
l a s t s i g n % M A G I C l % ,
l a s t f i r s t % M A G I C l % ,
l a s t s e c o n d % M A G I C l % ,
d i g i t s i g n % M A G I C m % _ % M A G I C n % ,
d i g i t f i r s t % M A G I C m % _ % M A G I C n % ,
d i g i t s e c o n d % M A G I C m % _ % M A G I C n % ,
l a s t s i g n % M A G I C m % ,
l a s t f i r s t % M A G I C m % ,
l a s t s e c o n d % M A G I C m % ,
o m a n % M A G I C k % ,
o s h i f t % M A G I C k % ,
l a s t s i g n % M A G I C k % ,
l a s t f i r s t % M A G I C k % ,
l a s t s e c o n d % M A G I C k %
)  ;
- - M A G I C - -  
- - M A G I C - -  6  
n o r m r a l u t s u b t r a c t  
# (
i n p u t b i t s ,  
i n t e r n a l b i t s ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
s e c o n d b a s e r e s e r v e d b i t s ,  
n o r m a l i z e r b i t s ,  
t w o b i t m o d e ,  
s h i f t b i t s
)
n r s % M A G I C k %
(
C K ,
i m a n % M A G I C k % ,  
i s i g n % M A G I C k % ,  
i s h i f t % M A G I C k % ,  
o m a n % M A G I C k % ,  
o s h i f t % M A G I C k % ,  
l a s t s i g n % M A G I C k % ,  
l a s t f i r s t % M A G I C k % , 
l a s t s e c o n d % M A G I C k %
)  ;
- - M A G I C - -
- - M A G I C - -  7
d e 1 a y o u t p u t  % M A G I C n %
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,
1
)
d o % M A G I C h %
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C K ,
d i g i t s i g n % M A G I C h % , 
d i g i t f i r s t % M A G I C h % ,  
d i g i t s e c o n d % M A G I C h % ,  
d i g i t s i g n % M A G I C g % ,  
d i g i t f i r s t % M A G I C g % ,  
d i g i t s e c o n d % M A G I C g %
) ;
- - M A G I C - -
a l w a y s  @ ( p o s e d g e  C K  ) 
b e g i n
m a n i n  < =  s e p _ m a n o u t ;  
s i g n i n  < =  s e p _ s i g n o u t ;
e n d
e n d m o d u l e
m o d u l e  n o r m r a l u t s u b t r a c t ( 
C K ,
n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
e r r o r o u t ,  
s h i f t o u t , 
s i g n o u t ,  
f i r s t o u t ,  
s e c o n d o u t
p a r a m e t e r  i n p u t b i t s  =  1 0 ;  
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;
i n p u t  CK ;
i n p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
i n p u t  [  t w o b i t m o d e  : 0  ]  n o r m _ s i g n i n ;  
i n p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t i n ;
o u t p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  e r r o r o u t ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  e r r o r o u t ;
o u t p u t  [ s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
o u t p u t  [  t w o b i t m o d e  : 0  ]  s i g n o u t ;
r e g  [  t w o b i t m o d e  :  0  ]  s i g n o u t ;
o u t p u t  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t ;
o u t p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  n o r m _ m a n o u t ;
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w i r e  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n o u t ;  
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,  
n o r m a l i z e r b i t s ,  




n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
n o r m _ m a n o u t ,  
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
)  ;
r e g  t  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o r i g l ;  
r e g  [  t w o b i t m o d e  : 0  ]  e r r o r s i g n l ;  
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t l ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  r a l u t _ m a n i n ;
a l w a y s  @ ( p o s e d g e  C K  )  
b e g i n
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;  
o r i g l  < =  n o r m _ m a n o u t ;  
e r r o r s i g n l  < =  n o r m _ s i g n o u t ;  
s h i f t l  < =  s h i f t i n  +  n o r m _ s h i f t ;
e n d
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t ;
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d ;
r a l u t 3 _ % M A G I C d % _ n o c l k  
# (
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e
)
r a l u t
(
r a l u t _ m a n ,  
r a l u t _ f  i r s t ,  
r a l u t _ s e c o n d ,  
r a l u t _ m a n i n
) ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  o r i g 2 ;
r e g  [  t w o b i t m o d e  :  0  ]  e r r o r s i g n 2 ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t 2 ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t l ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d l ;
r e g  [  i n t e r n a l b i t s  :  0  ]  m a n l ;
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a l w a y s  ® (  p o s e d g e  C K  ) 
b e g i n
i f  (  t w o b i t m o d e  )  
b e g i n
i f (  e r r o r s i g n l  = =  0  ) 
b e g i n
f i r s t l  < =  0 ;  
s h i f t 2  < =  0 ;
e n d
e l s e
b e g i n
f i r s t l  < =  r a l u t _ f i r s t  -  s h i f t l ;  
s h i f t 2  < =  s h i f t l ;
e n d
e n d
e l s e
b e g i n
f i r s t l  < =  r a l u t _ f i r s t  -  s h i f t l ;  
s h i f t 2  < =  s h i f t l ;
e n d
m a n l  < =  r a l u t _ m a n ;  
s e c o n d l  < =  r a l u t _ s e c o n d ;  
o r i g 2  < =  o r i g l ;  
e r r o r s i g n 2  < =  e r r o r s i g n l ;
e n d
r e g  [  i n t e r n a l b i t s  :  0  ]  e r r o r _ l o w ,  e r r o r _ h i g h ;
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
s h i f t o u t  < =  s h i f t 2 ;  
s i g n o u t  < =  e r r o r s i g n 2 ;  
f i r s t o u t  < =  f i r s t l ;  
s e c o n d o u t  < =  s e c o n d l ;
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r _ l o w  =  {  2 ' b 0 1 ,  o r i g 2  }  -  m a n l ;  
e r r o r _ h i g h  =  m a n l  -  {  2 ' b 0 1 ,  o r i g 2  } ;
e n d
e l s e
b e g i n
e r r o r _ l o w  =  {  1 ' b O ,  o r i g 2  }  -  m a n l ;
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e r r o r _ h i g h  =  m a n l  -  {  1 ' b O ,  o r i g 2  } ;  
e n d
i f (  e r r o r _ l o w [  i n t e r n a l b i t s  ]  ) 
b e g i n
/ /  S e t  e r r o r o u t
e r r o r o u t  < =  e r r o r _ h i g h [  i n t e r n a l b i t s  -  1  :  0  ] ,
e n d
e l s e
b e g i n
/ /  S e t  e r r o r o u t
e r r o r o u t  < =  e r r o r _ l o w [  i n t e r n a l b i t s  -  1  :  0  ]  ;  
e n d  
e n d
e n d m o d u l e
m o d u l e  n o r m r a l u t s u b t r a c t d u a l (
C K ,
n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
s h i f t i n ,  
e r r o r o u t l o w ,  
e r r o r s i g n l o w ,  
s h i f t o u t l o w ,  
e r r o r o u t h i g h ,  
e r r o r s  i g n h i g h ,  
s h i f t o u t h i g h ,  
s i g n o u t l o w ,  
f i r s t o u t l o w ,  
s e c o n d o u t l o w ,  
s i g n o u t h i g h ,  
f i r s t o u t h i g h ,  
s e c o n d o u t h i g h
p a r a m e t e r  i n p u t b i t s  =  1 0 ;  
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e r e s e r v e d b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;
i n p u t  C K ;
i n p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m _ m a n i n ;  
i n p u t  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n i n ;  
i n p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t i n ;
o u t p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  e r r o r o u t l o w ;  
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  e r r o r o u t l o w ;  
o u t p u t  [  t w o b i t m o d e  :  0  ]  e r r o r s i g n l o w ;
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r e g  [  t w o b i t m o d e  : 0  ]  e r r o r s i g n l o w ;
o u t p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t l o w ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t l o w , •
o u t p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  e r r o r o u t h i g h ;
r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  e r r o r o u t h i g h ;
o u t p u t  [  t w o b i t m o d e  : 0  ]  e r r o r s i g n h i g h ;
r e g  [  t w o b i t m o d e  :  0  ]  e r r o r s i g n h i g h ;
o u t p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t h i g h ;
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t h i g h ;
o u t p u t  [  t w o b i t m o d e  : 0  ]  s i g n o u t l o w ;
r e g  [  t w o b i t m o d e  : 0  ]  s i g n o u t l o w ;
o u t p u t  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t l o w ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t l o w ;
o u t p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t l o w ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t l o w ;
o u t p u t  [  t w o b i t m o d e  :  0  ]  s i g n o u t h i g h ;
r e g  [  t w o b i t m o d e  :  0  ]  s i g n o u t h i g h ;
o u t p u t  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t h i g h ;
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t h i g h ;
o u t p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t h i g h ;
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t h i g h ;
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  n o r m _ m a n o u t ;
w i r e  [  t w o b i t m o d e  :  0  ]  n o r m _ s i g n o u t ;
w i r e  [  n o r m a l i z e r b i t s  - 1 : 0 ]  n o r m _ s h i f t ;
n o r m a l i z e r _ n o c l k  
# (
i n t e r n a l b i t s ,  
n o r m a l i z e r b i t s ,  




n o r m _ m a n i n ,  
n o r m _ s i g n i n ,  
n o r m _ m a n o u t , 
n o r m _ s i g n o u t ,  
n o r m _ s h i f t
) ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  o r i g l ;  
r e g  [  t w o b i t m o d e  : 0  ]  e r r o r s i g n l ;  
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t l ;
r e g  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  r a l u t _ m a n i n ;
a l w a y s  @ ( p o s e d g e  C K  ) 
b e g i n
r a l u t _ m a n i n  < =  n o r m _ m a n o u t ;  
o r i g l  < =  n o r m _ m a n o u t ;  
e r r o r s i g n l  < =  n o r m _ s i g n o u t ;  
s h i f t l  < =  s h i f t i n  +  n o r m _ s h i f t ;
e n d
w i r e  [  i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  r a l u t _ m a n l o w ;  
w i r e  [  i n t e r n a l b i t s  :  0  ]  r a l u t _ m a n h i g h ;
w i r e  [  f i r s t b a s e b i t s  - 1 : 0 ]  r a l u t _ f i r s t l o w ,  r a l u t _ f i r s t h i g h ;
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w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  r a l u t _ s e c o n d l o w ,  r a l u t _ s e c o n d h i g h ;
r a l u t 6 _ % M A G I C e % _ n o c l k  
# (
i n t e r n a l b i t s  -  t w o b i t m o d e ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  +  1 ,  
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
i n t e r n a l b i t s  -  t w o b i t m o d e
)
r a l u t
(
r a l u t _ m a n l o w ,  
r a l u t _ f i r s t l o w ,  
r a l u t _ s e c o n d l o w ,  
r a l u t _ m a n h i g h ,  
r a l u t _ f  i r s t h i g h ,  
r a l u t _ s e c o n d h i g h ,  








i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  : 0  ]  o r i g 2 ;
t w o b i t m o d e  :  0  ]  e r r o r s i g n 2 ;
s h i f t b i t s  - 1 : 0 ]  s h i f t 2 ;
f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t l l o w ,  f i r s t l h i g h ;  
s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d l l o w ,  s e c o n d l h i g h ;  
i n t e r n a l b i t s  -  1  -  t w o b i t m o d e  :  0  ]  m a n l l o w ;
i n t e r n a l b i t s  :  0  ]  m a n l h i g h ;
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
i f (  t w o b i t m o d e  )  
b e g i n
i f (  e r r o r s i g n l  = =  0  ) 
b e g i n
f i r s t l l o w  < =  0 ;  
f i r s t l h i g h  < =  0 ;  
s h i f t 2  < =  0 ;
e n d
e l s e
b e g i n
f i r s t l l o w  < =  r a l u t _ f i r s t l o w  -  s h i f t l ;  
f i r s t l h i g h  < =  r a l u t _ f i r s t h i g h  -  s h i f t l ;  
s h i f t 2  < =  s h i f t l ;
e n d
e n d
e l s e
b e g i n
f i r s t l l o w  < =  r a l u t _ f i r s t l o w  -  s h i f t l ;
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f i r s t l h i g h  < =  r a l u t _ f i r s t h i g h  -  s h i f t l ;  
s h i f t 2  < =  s h i f t l ;
e n d
m a n l l o w  < =  r a l u t _ m a n l o w ;  
m a n l h i g h  < =  r a l u t _ m a n h i g h ;  
s e c o n d l l o w  < =  r a l u t _ s e c o n d l o w ;  
s e c o n d l h i g h  < =  r a l u t _ s e c o n d h i g h ;  
o r i g 2  < =  o r i g l ;  
e r r o r s i g n 2  < =  e r r o r s i g n l ;
e n d
r e g  [  i n t e r n a l b i t s  :  0  ]  e r r o r _ l o w ,  e r r o r _ h i g h ;
a l w a y s  @ ( p o s e d g e  C K  ) 
b e g i n
s h i f t o u t l o w  < =  s h i f t 2 ;  
s h i f t o u t h i g h  < =  s h i f t 2 ;  
f i r s t o u t l o w  < =  f i r s t l l o w ;  
s e c o n d o u t l o w  < =  s e c o n d l l o w ;  
f i r s t o u t h i g h  < =  f i r s t l h i g h ;  
s e c o n d o u t h i g h  < =  s e c o n d l h i g h ;
e r r o r s i g n l o w  < =  e r r o r s i g n 2 ;  
s i g n o u t l o w  < =  e r r o r s i g n 2 ;  
s i g n o u t h i g h  < =  e r r o r s i g n 2 ;
/ /  D e t e r m i n e  t h e  e r r o r  b e t w e e n  t h e  t w o  R A L U T  o u t p u t s  a n d  t h e  i n p u t
i f (  t w o b i t m o d e  )
b e g i n
e r r o r o u t l o w  < =  {  2 ' b 0 1 ,  o r i g 2  }  -  {  2 ' b 0 1 ,  m a n l l o w  } ;  
e r r o r o u t h i g h  < =  m a n l h i g h  -  {  2 ' b 0 1 ,  o r i g 2  } ;
i f (  e r r o r s i g n 2  = =  0  )  
b e g i n
e r r o r s i g n h i g h  < =  0 ;
e n d
e l s e
b e g i n
e r r o r s i g n h i g h  < =  {  ~ e r r o r s i g n 2  [  t w o b i t m o d e  ] ,  l ' b l  } ;
e n d
e n d
e l s e
b e g i n
e r r o r o u t l o w  < =  {  1 ' b O ,  o r i g 2  }  -  {  1 ' b O ,  m a n l l o w  } ;  
e r r o r o u t h i g h  < =  m a n l h i g h  -  {  1 ' b O ,  o r i g 2  } ;
e r r o r s i g n h i g h  < =  ~ e r r o r s i g n 2 ;
Hardware Description Code Binary to 2DLNS Conversion
Reproduced  with permission of the copyright owner. Further reproduction prohibited without permission.
571
University o f W indsor
e n d
e n d
e n d m o d u l e
m o d u l e  c o m p a r e e r r o r (
C K ,
n o r m l o w ,
s h i f t l o w ,
n o r m h i g h ,
s h i f t h i g h ,
d i g i t s i g n l o w ,
d i g i t f i r s t l o w ,
d i g i t s e c o n d l o w ,
p r e v s i g n l o w ,
p r e v f i r s t l o w ,
p r e v s e c o n d l o w ,
d i g i t s i g n h i g h ,
d i g i t f i r s t h i g h ,
d i g i t s e c o n d h i g h ,
p r e v s i g n h i g h ,
p r e v f i r s t h i g h ,
p r e v s e c o n d h i g h ,
n o r m o u t ,
s h i f t o u t ,
d i g i t s i g n ,
d i g i t f i r s t ,
d i g i t s e c o n d
) ;
p a r a m e t e r  i n t e r n a l b i t s  =  1 0 ;  
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  n o r m a l i z e r b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  s h i f t b i t s  =  5 ;  
p a r a m e t e r  s h i f t d i f f e r e n c e  =  2 0 ;  
p a r a m e t e r  p r e v d i g i t s  =  1 ;
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
i n p u t
C K ;
i n t e r n a l b i t s  -  
s h i f t b i t s  -  1  
i n t e r n a l b i t s  -  
s h i f t b i t s  -  1  
t w o b i t m o d e  :  0  
f i r s t b a s e b i t s  
s e c o n d b a s e b i t s  
(  t w o b i t m o d e  +  
f i r s t b a s e b i t s  
s e c o n d b a s e b i t s  
t w o b i t m o d e  :  0  
f i r s t b a s e b i t s  
s e c o n d b a s e b i t s  
(  t w o b i t m o d e  +  
f i r s t b a s e b i t s  
s e c o n d b a s e b i t s
1 : 0 ]  n o r m l o w ;
0  ]  s h i f t l o w ;
1 : 0 ]  n o r m h i g h ;
0  ]  s h i f t h i g h ;
]  d i g i t s i g n l o w ;
- 1 : 0 ]  d i g i t f i r s t l o w ;
- 1 : 0 ]  d i g i t s e c o n d l o w ;
1  )  *  p r e v d i g i t s  - 1 : 0 ]  p r e v s i g n l o w ;
*  p r e v d i g i t s  - 1 : 0 ]  p r e v f i r s t l o w ;
*  p r e v d i g i t s  - 1 : 0 ]  p r e v s e c o n d l o w ;
]  d i g i t s i g n h i g h ;
1 : 0 ]  d i g i t f i r s t h i g h ;
- 1 : 0 ]  d i g i t s e c o n d h i g h ;
1  )  *  p r e v d i g i t s  - 1 : 0 ]  p r e v s i g n h i g h ;
*  p r e v d i g i t s  - 1 : 0 ]  p r e v f i r s t h i g h ;  
p r e v d i g i t s  - 1 : 0 ]  p r e v s e c o n d h i g h ;
o u t p u t  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m o u t ;
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r e g  [  i n t e r n a l b i t s  - 1 : 0 ]  n o r m o u t ;  
o u t p u t  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;  
r e g  [  s h i f t b i t s  - 1 : 0 ]  s h i f t o u t ;
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  (  p r e v d i g i t s  +  1  )  -  1  :  0  ]  d i g i t s i g n ;  
r e g  [  (  t w o b i t m o d e  +  1  )  *  (  p r e v d i g i t s  +  1  )  - 1 : 0 ]  d i g i t s i g n ;
o u t p u t  [  f i r s t b a s e b i t s  *  (  p r e v d i g i t s  +  1  )  - 1 : 0 ]  d i g i t f i r s t ;
r e g  [  f i r s t b a s e b i t s  *  ( p r e v d i g i t s  +  1  )  - 1 : 0 ]  d i g i t f i r s t ;  
o u t p u t  [  s e c o n d b a s e b i t s  *  ( p r e v d i g i t s  +  1  )  - 1 : 0 ]  d i g i t s e c o n d ;  
r e g  [  s e c o n d b a s e b i t s  *  (  p r e v d i g i t s  +  1  )  - 1 : 0 ]  d i g i t s e c o n d ;
r e g  [  n o r m a l i z e r b i t s  :  0  ]  l o w _ s h i f t d i f f e r e n c e ,  h i g h _ s h i f t d i f f e r e n c e ;
r e g  [  n o r m a l i z e r b i t s  - 1 : 0 ]  l o w _ l a s t s h i f t ,  h i g h _ l a s t s h i f t ;  
r e g  [  i n t e r n a l b i t s  -  1  +  s h i f t d i f f e r e n c e  :  0  ]  l o w _ e r r o r c o m p a r e ,  
h i g h _ e r r o r c o m p a r e ;
' i f d e f  D C
'  e l s e
i n t e g e r  m a x _ s h i f t d i f f e r e n c e ;
i n i t i a l
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  0 ;  
e n d  
' e n d i f
a l w a y s  @ ( p o s e d g e  C K  ) 
b e g i n
/ /  F i n d  t h e  d i f f e r e n c e  i n  s h i f t s  b e t w e e n  t h e  t w o  a p p r o x i m a t i o n s  
l o w _ s h i f t d i f f e r e n c e  =  s h i f t l o w  -  s h i f t h i g h ;  
h i g h _ s h i f t d i f f e r e n c e  =  s h i f t h i g h  -  s h i f t l o w ;
i f (  l o w _ s h i f t d i f f e r e n c e [  n o r m a l i z e r b i t s  ]  = =  1 ' b O  ) 
b e g i n
/ /  h i g h  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
l o w _ l a s t s h i f t  =  l o w _ s h i f t d i f f e r e n c e ;  
h i g h _ l a s t s h i f t  =  0 ;
e n d
e l s e
b e g i n
/ /  l o w  a p p r o x i m a t i o n  m u s t  b e  s h i f t e d  r i g h t  
l o w _ _ l a s t s h i f  t  =  0 ;
h i g h _ l a s t s h i f t  =  h i g h _ s h i f t d i f f e r e n c e ;  
e n d  
" i f d e f  D C
/ /  F o r  s y n t h s i s  d o  n o t  d o  t h i s  
" e l s e
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/ /  F i n d  t h e  m a x i m u m  s h i f t  t o  m i n i m i z e  t h e  h a r d w a r e
i f (  l o w _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  ) 
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  l o w _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d
i f (  h i g h _ l a s t s h i f t  >  m a x _ s h i f t d i f f e r e n c e  )  
b e g i n
m a x _ s h i f t d i f f e r e n c e  =  h i g h _ l a s t s h i f t ;
$ d i s p l a y (  " ! m a x _ s h i f t d i f f e r e n c e = % d " ,  m a x _ s h i f t d i f f e r e n c e  ) ;  
e n d  
' e n d i f
/ /  S h i f t  b o t h  e r r o r s  a c c o r d i n g l y
l o w _ e r r o r c o m p a r e  =  (  n o r m l o w  < <  s h i f t d i f f e r e n c e  )  > >  l o w _ l a s t s h i f t ;  
h i g h _ e r r o r c o m p a r e  =  (  n o r m h i g h  < <  s h i f t d i f f e r e n c e  )  > >  h i g h _ l a s t s h i f t ;
/ /  C o m p a r e
i f (  h i g h _ e r r o r c o m p a r e  <  l o w _ e r r o r c o m p a r e  ) 
b e g i n
/ /  H i g h e r  a p p r o x i m a t i o n  i s  b e t t e r ,  m o v e  i n t o  o u t p u t  r e s u l t s  
d i g i t s i g n  < =  {  p r e v s i g n h i g h ,  d i g i t s i g n h i g h  } , -  
d i g i t f i r s t  < =  {  p r e v f i r s t h i g h ,  d i g i t f i r s t h i g h  } ;  
d i g i t s e c o n d  < =  {  p r e v s e c o n d h i g h ,  d i g i t s e c o n d h i g h  } ;  
n o r m o u t  < =  n o r m h i g h ;  
s h i f t o u t  < =  s h i f t h i g h ;
e n d
e l s e
b e g i n
/ /  L o w e r  a p p r o x i m a t i o n  i s  b e t t e r ,  m o v e  i n t o  o u t p u t  r e s u l t s  
d i g i t s i g n  < =  {  p r e v s i g n l o w ,  d i g i t s i g n l o w  } ;  
d i g i t f i r s t  < =  {  p r e v f i r s t l o w ,  d i g i t f i r s t l o w  } ;  
d i g i t s e c o n d  < =  {  p r e v s e c o n d l o w ,  d i g i t s e c o n d l o w  } ;  
n o r m o u t  < =  n o r m l o w ;  
s h i f t o u t  < =  s h i f t l o w ;
e n d
e n d
e n d m o d u l e
m o d u l e  d e l a y o u t p u t (
C K ,
s i g n i n ,  
f i r s t i n ,  
s e c o n d i n ,  
s i g n o u t ,  
f i r s t o u t ,
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s e c o n d o u t
) ;
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  d i g i t s  =  2 ;
i n p u t  C K ;
i n p u t  [  ( t w o b i t m o d e  +  1  )  *  d i g i t s  -
i n p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  -  1
i n p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  ) -
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  -  
r e g  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  -  1  
o u t p u t  [  (  f i r s t b a s e b i t s  *  d i g i t s  } -  
r e g  [  (  f i r s t b a s e b i t s  *  d i g i t s  )  -  1  :  
o u t p u t  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  -
r e g  [  (  s e c o n d b a s e b i t s  *  d i g i t s  )  -  1
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
s i g n o u t  < =  s i g n i n ;  
f i r s t o u t  < =  f i r s t i n ;  
s e c o n d o u t  < =  s e c o n d i n ;
e n d
e n d m o d u l e
m o d u l e  d e l a y o u t p u t 3 (
C K ,
s i g n i n ,
f i r s t i n ,
s e c o n d i n ,
s i g n o u t ,
f i r s t o u t ,
s e c o n d o u t
) ;
p a r a m e t e r  f i r s t b a s e b i t s  =  5 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  5 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;  
p a r a m e t e r  d i g i t s  =  2  ;
i n p u t  C K ;
i n p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  -  
i n p u t  [  f i r s t b a s e b i t s  *  d i g i t s  - 1 : 0  
i n p u t  [  s e c o n d b a s e b i t s  *  d i g i t s  -  1  :
o u t p u t  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  -
o u t p u t  [  f i r s t b a s e b i t s  *  d i g i t s  -  1  :
o u t p u t  [  s e c o n d b a s e b i t s  *  d i g i t s  -  1  :
w i r e  [  (  t w o b i t m o d e  +  1  )  *  d i g i t s  -  1
w i r e  [  f i r s t b a s e b i t s  *  d i g i t s  - 1 : 0  
w i r e  [  s e c o n d b a s e b i t s  *  d i g i t s  - 1 : 0
1 : 0 ]  s i g n i n ;
: 0  ]  f i r s t i n ;  
1 : 0 ]  s e c o n d i n ;
1 : 0 ]  s i g n o u t ;
:  0  ]  s i g n o u t ;  
1 : 0 ]  f i r s t o u t ;
0  ]  f i r s t o u t ;  
1 : 0 ]  s e c o n d o u t ;  
:  0  ]  s e c o n d o u t ;
1 : 0 ]  s i g n i n ;
]  f i r s t i n ;
0  ]  s e c o n d i n ;
1 : 0 ]  s i g n o u t ;
0  ]  f i r s t o u t ;
0  ]  s e c o n d o u t ;
:  0  ]  s i g n l ,  s i g n 2 ;  
]  f i r s t l ,  f i r s t 2 ;
]  s e c o n d l ,  s e c o n d 2 ;
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d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
d i g i t s
)
d e l a y e d l
(
C K ,
s i g n i n ,
f i r s t i n ,
s e c o n d i n ,
s i g n l ,
f i r s t l ,
s e c o n d l
d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
d i g i t s
)
d e l a y e d 2
(
C K ,
s i g n l ,  
f i r s t l ,  
s e c o n d l ,  
s i g n 2 , 
f i r s t 2 ,  
s e c o n d 2
d e l a y o u t p u t
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t w o b i t m o d e ,  
d i g i t s
)
d e l a y e d 3
(
C K ,
s i g n 2 ,  
f i r s t 2 ,  
s e c o n d 2 ,  
s i g n o u t ,  
f i r s t o u t ,  
s e c o n d o u t
e n d m o d u l e
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B.1.10 Sample Output
The following is a sample of what is necessary to generate one type of converter Verilog 
code and how to simulate it.
B.l.10.1 Verilog Code Generation
For this sample, a parallel 2-digit high/low converter is implemented with base 0.75, a 12- 
bit signed integer input, 5 bits for the first index, 3 bits for the second index, 2 extra 
precision bits, and with a two-bit sign representation. The command used is which 
generated the file “myconverter.v” which contains all the necessary code:
r a a k e p a r a l l e l n d i g i t h i g h l o w . s h  0 . 7 5  12 5 3 0 2 2 - z  
> m y c o n v e r t e r . v
The following is the expected output from the above command:
R u n n i n g :  . / m a k e p a r a l l e l n d i g i t h i g h l o w . s h  0 . 7 5  1 2  5 3 0 2 2 - z
B a s e  i s :  0 . 7 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
R u n n i n g :  . / m a k e r a l u t . s h  / t m p / r a l u t 6 . 1 9 3 9 7
R u n n i n g :  . / m a k e r a l u t . s h  / t m p / r a l u t 3 . 1 9 3 9 7
The script shows only little information about the code generation. This output will vary 
depending on the converter type. If  there are messages regarding files not being found, an 
error has most likely occurred. The most common error is the base specification.
B.l.10.2 Verilog Simulation
The next step is to verify the code generated by simulating it with Verilog. Additional 
commands are used along with Verilog to ensure that the data being verified is valid. Only 
lines beginning with a “+” are passed and those without any DON’T-CARE conditions are 
passed to the verifier (A.3.2 "Verify" on page 403).
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v e r i l o g  r a y c o n v e r t e r . v  | g r e p  " A+" | g r e p  - v  " x "  |
c u t  - c 2 -  | v e r i f y  0 . 7 5  - c m
The following is the expected output from the Verilog simulator:
B a s e :  0 . 7 5 0 0 0 0 0 0 0 0 0 0 0 0 0
- 2 0 4 3 - 2 0 4 3 . 2 5 9 2 5 9 0  . 2 5 9 2 5 9
- 2 0 3 8 - 2 0 3 8 . 5 1 8 5 1 9 0  . 5 1 8 5 1 9
- 2 0 3 3 - 2 0 3 3  . 7 7 7 7 7 8 0  . 7 7 7 7 7 8
- 2 0 3 1 - 2 0 3 0  . 0 0 0 0 0 0 1 . 0 0 0 0 0 0
- 2 0 2 8 - 2 0 2 9  .  0 3 7 0 3 7 1 . 0 3 7 0 3 7
- 2 0 1 8 - 2 0 1 9 . 5 5 5 5 5 6 1  . 5 5 5 5 5 6
- 2 0 1 4 - 2 0 1 2  . 4 4 4 4 4 4 1  . 5 5 5 5 5 6
- 2 0 0 8 - 2 0 1 0  .  0 7 4 0 7 4 2  . 0 7 4 0 7 4
- 2 0 0 3 - 2 0 0 5  . 3 3 3 3 3 3 2  . 3 3 3 3 3 3
- 1 9 8 8 - 1 9 9 1  . 1 1 1 1 1 1 3 .  n u n
- 1 9 8 0 - 1 9 7 6 . 0 0 0 0 0 0 4 . 0 0 0 0 0 0
- 1 9 5 8 - 1 9 6 2 . 6 6 6 6 6 7 4 . 6 6 6 6 6 7
- 1 9 5 7 - 1 9 5 2  . 0 0 0 0 0 0 5 . 0 0 0 0 0 0
- 1 9 1 1 - 1 9 0 5 . 7 7 7 7 7 8 5 . 2 2 2 2 2 2
W o r s t  E r r o r  : 5 . 2 2 2 2 2 2
T o t a l  E r r o r  : 2 0 2 7 . 6 8 4 0 2 8
A v e r a g e  E r r o r :  0 . 4 9 5 0 4 0
I t e m s  :  4 0 9 6
The first output is the base of the system and the remaining output is the integer inputs 
which caused the largest conversion deviation. A new row is printed only when the error is 
larger than the previous row. The first column of these rows is the integer input, the second 
is the converted value and the third is the error between the first and second columns. The 
file part of the output contains some statistical information (i.e., worst error, total error, 
average error and items processed).
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B.2 2DLNS to Binary Conversion
Although the 2DLNS to Binary conversion process has not been enhanced in this thesis, 
the following code is included which builds Verilog code to perform the conversion using 
the same command structure as those for the Binary to 2DLNS conversion.
This code generates only the module to perform the 2DLNS to binary conversion. No test 
benches are built since certain input index combinations can generate very large or small 
binary results. The generate code should be tested by the hosting code.
The Unix shell scripts all follow the same naming and parameter structure:
m a k e c o n v e r t 2 d l n s t o b i n a r y . s h  b a s e  o u t p u t b i t s  f i r s t b a s e b i t s  
s e c o n d b a s e b i t s  e x t r a p r e c i s i o n  s ig n m o d e  o u tp u tm o d e
N ame/Argument Definition
b a s e ASCII base or optimalbase output filename
o u t p u t b i t s Number of bits for the integer part of the output 
(2’s complement, including the sign bit)
f i r s t b a s e b i t s Number o f bits for the firstbase index (2’s 
complement include the sign bit)
s e c o n d b a s e b i t s Number of bits for the secondbase index (2’s 
complement including the sign bit)
e x t r a p r e c i s i o n The number of extra bits to use to improve 
conversion accuracy (i.e., fractional part) 
Actual output o f module is 
f i r s t b a s e b i t s  + e x t r a p r e c i s i o n
s ig n m o d e Sign mode: - z for 2 bits sign (i.e., 01 for 
positive, 11 for negative, 0 0 for zero)
-n z  for 1 bit sign (i.e., 0 for positive, 1 for 
negative, lowest secondbase index for zero)
o u tp u tm o d e Output mode bit: - s  absolute value of 
conversion is places on output along with sign bit 
(1 bit sign is set to 1 for negative, 0 for positive)
- n s  output is 2 ’s complement (an extra bit is 
used for the sign)
Hardware Description Code 2DLNS to Binary Conversion 579
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
University o f Windsor




# !  / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  s i n g l e - d i g i t  2 d l n s  t o  b i n a r y  c o n v e r t e r
i f  t e s t  $ #  - I t  5 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  o u t p u t b i t s  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  e x t r a p r e c  
z e r o f l a g  s i g n b i t o u t p u t "  l > & 2
e c h o  " b a s e , f i l e  =  n u m e r i c a l  b a s e  o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " o u t p u t b i t s  =  n u m b e r  o f  b i t s  f o r  o u t p u t  ( 2 ' s  c o m p l e m e n t )  e . g .
5  =  - 1 6  t o  1 5 "  1 > & 2
e c h o  " f i r s t b a s e b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1 > & 2  
e c h o  " e x t r a p r e c  =  n u m b e r  o f  e x t r a  p r e c i s i o n  b i t s "  1 > & 2
e c h o  " z e r o f l a g  =  - z  ( 2  b i t  s i g n )  o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e c h o  " s i g n b i t o u t p u t  =  - s  ( s i g n  b i t  o u t p u t )  o r  - n s  ( 2 ' s  c o m p l e m e n t
o u t p u t ) "  1 >  & 2
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ c o n v e r t 2 d l n s t o b i n a r y = T E M P L A T E _ c o n v e r t 2 d l n s t o b i n a r y . v
#  D e f i n e  t o o l s  
C O M M A N D _ l u t = . / m a k e l u t . s h  
C O M M A N D _ t o b i n a r y = . / t o b i n a r y  
C O M M A N D _ m a k e t a b l e = . / m a k e t a b l e  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ c a t = / u s r / b i n / c a t  
C O M M A N D _ r m = / u s r / b i n / r m  
C O M M A N D _ w c = / u s r / b i n / w c  
C O M M A N D _ t  r = / u s r / b i n / t r  
C O M M A N D _ c u t = / u s r / b i n / c u t  
C O M M A N D _ u n i q = / u s r / b i n / u n i q  
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m  
C O M M A N D _ s o r t = / u s r / b i n / s o r t
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s
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B A S E = $ 1
O U T P U T B I T S = $ 2
F I R S T B A S E B I T S = $ 3
S E C O N D B A S E B I T S = $ 4
E X T R A P R E C = $ 5
Z M O D E = $ 6
S M O D E = $ 7
#  F i n d  i n t e r n a l b i t s  f r o m  o u t p u t  a n d  p r e c i s i o n  p a r a m e t e r  
I N T E R N A L B I T S = ' e c h o  $ O U T P U T B I T S  $ E X T R A P R E C  | $ C O M M A N D _ n a w k  ' \  
{ \
p r i n t  (  $ 1  +  $ 2  )  ; \
} \
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W 0 B I T M 0 D E = 1
e l s e
i f  [  " $ Z M O D E "  =  " - Z "  ] ;  t h e n  
T W O B I T M O D E = l  
e l i f  [  " $ Z M O D E "  =  " - n z "  ] ;  t h e n  
T W O B I T M O D E = 0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ S M O D E "  =  " X "  ] ;  t h e n
N 0 S I G N M 0 D E = 1
e l s e
i f  [  " $ S M O D E "  =  " - s "  ] ;  t h e n  
N O S I G N M O D E = l  
e l i f  [  " $ S M O D E "  =  " - n s "  ] ;  t h e n  
N O S I G N M O D E = 0  
e l s e
e c h o  O u t p u t  s i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - s  o r  - n s  1 > & 2
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e x i t
f i
f i
#  F i n d  I N T E R N A L B I T S  +  1  f o r  d a t a p a t h  w i d t h
I N T E R N A L B I T S P 1 = ' e c h o  $ I N T E R N A L B I T S  |  $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1  +  1 ; \
} \
#  F i n d  2 A  ( S E C O N D B A S E B I T S - 1 )  f o r  t a b l e  g e n e r a t i o n  
M A X S E C O N D B A S E B I T S = ' e c h o  $ S E C O N D B A S E B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  e x p ( (  $ 1  -  1  )  *  l o g (  2 . 0  )  ) ; \
} \
#  R e m o v e  a n y  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  T e l l  u s e r  w e  a r e  r u n n i n g
e c h o  R u n n i n g :  $ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  0  $ B A S E  $ I N T E R N A L B I T S  $ Z M O D E  
1 > & 2
#  G e n e r a t e  t h e  t a b l e
$ C O M M A N D _ m a k e t a b l e  $ M A X S E C O N D B A S E B I T S  0  $ B A S E  $ I N T E R N A L B I T S  $ Z M 0 D E  | 
$ C O M M A N D _ n a w k  ' \
{ \
a  =  $ 3  ;  \
b  =  0  -  a  +  e x ; \  
b  =  -  b ; \
p r i n t  $ 1 " \ t " $ 2 " \ t " b ; \
} \
'  e x = $ E X T R A P R E C  >  / t m p / r a w . $ $
#  D e t e r m i n e  t h e  o p t i m a l  b i t  w i d t h  f o r  t h e  f i r s t  b a s e  e x p o n e n t  f o r  t h e  s y s t e m  
M E M F I R S T B A S E B I T S = ' $ C O M M A N D _ c a t  / t m p / r a w . $ $  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m a x i m u m  
B E G I N \
{ \
m a x  =  1 ; \  
m i n  =  - 1 ; \
} \  
{ \
#  S e e  i f  i t  i s  a  n e w  m a x i m u m
i f (  $ 3  >  m a x  )  m a x  =  $ 3 ; \
i f (  $ 3  <  m i n  )  m i n  =  $ 3 ; \
} \
E N D \
{ \
#  P r o c e s s  o n l y  i f  i t  i s  n e g a t i v e  
i f (  m i n  <  0  ) \
{ \
m i n  =  -  m i n ; \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m i n i m u m
m i n  =  l o g (  m i n  )  /  l o g (  2 . 0  ) ; \
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i f (  m i n  ! =  i n t (  m i n  )  )  m i n  =  i n t (  m i n  )  +  1 ; \
} \
e l s e \
{ \
#  I t  i s  a b o v e  z e r o ,  s e t  i t  t o  z e r o  b i t s
m i n  =  0 ; \
} \
#  M a k e  s u r e  i t  i s  p o s i t i v e  
i f (  m a x  >  0  ) \
{ \
#  F i n d  t h e  n u m b e r  o f  b i t s  t o  r e p r e s e n t  t h e  m a x i m u m
m a x  =  l o g (  m a x  )  /  l o g (  2 . 0  ) ; \  
m a x  =  i n t (  m a x  )  +  1 ; \
#  U s e  t h e  l a r g e s t
i f ( m i n  >  m a x  )  m a x  =  m i n ; \
} \
e l s e \
{ \
#  I t  i s  b e l o w  z e r o ,  s e t  i t  t o  z e r o  b i t s
m a x  =  0 ; \
} \
#  A d d  a n o t h e r  s i n c e  i t  i s  s i g n e d  
m a x  =  m a x  +  1 ; \
#  S e t  i t  t o  t h e  s h e l l  
p r i n t  m a x ; \
} \
# ' '
#  D e t e r m i n e  t h e  b i t  w i d t h  f o r  t h e  i n t e r n a l  s u b t r a c t o r
S U B B I T S = ' e c h o  $ F I R S T B A S E B I T S  $ M E M F I R S T B A S T B I T S  | $ C O M M A N D _ n a w k  ' \
{ \
a  =  $ 1 ; \
i f  (  $ 2  >  a  )  a  =  $ 2 ; \  
a  =  a  +  1 ;  \  
p r i n t  a ; \
} \
#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / l u t . $ $
#  G e n e r a t e  L U T  e n t r i e s  
$ C O M M A N D _ c a t  / t m p / r a w . $ $  |  \
$ C O M M A N D _ t o b i n a r y  - $ S E C O N D B A S E B I T S  $ I N T E R N A L B I T S  - $ M E M F I R S T B A S E B I T S  | \  
$ C O M M A N D _ s o r t  >  / t m p / l u t . $ $
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
#  M a k e  p a r a m e t e r  f i l e  f o r  c o n v e r t e r  
$ C O M M A N D _ c a t  < <  E N D P A R A M  >  / t m p / p a r a m s . $ $  
p a r a m e t e r  f i r s t b a s e b i t s  =  $ F I R S T B A S E B I T S ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  $ S E C O N D B A S E B I T S ;  
p a r a m e t e r  o u t p u t b i t s  =  $ 0 U T P U T B I T S ;  
p a r a m e t e r  e x t r a b i t s  =  $ E X T R A P R E C ;
p a r a m e t e r  m e m f i r s t b a s e b i t s  =  $ M E M F I R S T B A S E B I T S ;  
p a r a m e t e r  s u b b i t s  =  $ S U B B I T S ;  
p a r a m e t e r  t w o b i t m o d e  =  $ T W O B I T M O D E ;
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p a r a m e t e r  n o s i g n m o d e  =  $ N O S I G N M O D E ;
ENDPARAM
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ' $ C O M M A N D _ c k s u m  / t m p / l u t . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s . $ $  ;  e c h o  " - - M A G I C - -  0 "  
$ C O M M A N D _ c a t  $ T E M P L A T E _ c o n v e r t 2 d l n s t o b i n a r y  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0  ;  \
1  =  0 ; \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2 ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
m  =  0 ;  \  
c o n t i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f f  m  = =  1  ) \
{ \
d a t a [  1  ]  =  $ 0 ; \
1  =  1  +  l ; \  
c o n t i n u e ; \
} \
e l s e \
# If MAGICO relay input
{ \
b  =  $ 0 ; \
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r f  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
p r i n t  b ; \
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} \  
} \
} '  F I L E I D = $ F I L E I D
#  G e n e r a t e  v e r i l o g  c o d e  f o r  L U T  
$ C O M M A N D _ l u t  / t m p / l u t . $ $
#  R e m o v e  w o r k  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / l u t . $ $  
$ C O M M A N D _ r m  - f  / t m p / p a r a m s . $ $
B.2.1.2 TEM PLATE_convert2dlnstobinary.v
m o d u l e  c o n v e r t 2 d l n s t o b i n a r y ( 
s i g n i n ,
f i r s t b a s e i n d e x ,  
s e c o n d b a s e i n d e x ,  
b i n a r y o u t ,  
s i g n o u t
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
- - M A G I C - -  2
/ /  D e f i n e  p o r t s
i n p u t  [  t w o b i t m o d e  : 0  ]  s i g n i n ;
i n p u t  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t b a s e i n d e x ;
i n p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d b a s e i n d e x ;
o u t p u t  [  n o s i g n m o d e  +  o u t p u t b i t s  +  e x t r a b i t s  -  1  : 
r e g  [  n o s i g n m o d e  +  o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0
o u t p u t  s  i g n o u t ;  
r e g  s i g n o u t ;
r e g  [  s u b b i t s  - 1 : 0 ]  a r g l ,  a r g 2 ,  s u m ;
r e g  [  o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0 ]  a b s o l u t e ;
w i r e  [  o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0 ]  m a n t i s s a ;  
w i r e  [  m e m f i r s t b a s e b i t s  - 1 : 0 ]  s h i f t ;
l u t 2 _ % M A G I C d % _ n o c l k
l u t
(
m a n t i s s a ,  
s h i f t ,
s e c o n d b a s e i n d e x
)  ;
/ /  P e r f o r m  s h i f t
a l w a y s  @ (  m a n t i s s a  o r  s h i f t  o r  f i r s t b a s e i n d e x  )  
b e g i n
/ /  E x t e n d  s i g n s  o n  e a c h  a r g u m e n t  
i f (  s u b b i t s  >  m e m f i r s t b a s e b i t s  )
0  ]  b i n a r y o u t ;  
]  b i n a r y o u t ;
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begin
argl = { { ( subbits - memfirstbasebits ) { shift[ memfirstbasebits - 1 ] } 






if ( subbits > firstbasebits ) 
begin
arg2 = { { ( subbits - firstbasebits ) { firstbaseindex [ firstbasebits - 1 ] 




arg2 = firstbaseindex; 
end
sum = argl - arg2;
absolute = mantissa >> sum;
if ( twobitmode ) 
begin





if( nosignmode ) 
begin
if ( signin[ twobitmode ] ) 
begin




binaryout <= absolute; 
end
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e n d
e l s e
b e g i n
b i n a r y o u t  < =  a b s o l u t e ;  
s i g n o u t  < =  s i g n i n  [  t w o b i t m o d e  ] ;  
e n d
/ /  $ d i s p l a y ( " @ @  % b  % b  % b  % b  % b  % b
% b " , m a n t i s s a , s h i f t , a r g l , f i r s t b a s e i n d e x , a r g 2 , s u m , b i n a r y o u t ) ;
e n d
e n d m o d u l e
B.2.2 Sample Output
The following is a sample o f what is necessary to generate the 2DLNS to binary converter 
Verilog code.
B.2.2.1 Verilog Code Generation
For this sample, a single-digit 2DLNS to binary converter is implemented with base 0.75, 
a 12-bit signed integer output, 5 bits for the first index, 3 bits for the second index, 2 extra 
precision bits, a two-bit sign representation and 2’s complement output. The command 
used is which generated the file “my2 dlnsoutput.v” which contains all the necessary code:
m a k e c o n v e r t 2 d l n s t o b i n a r y . s h  0 . 7 5  12 5 3  0 2 2  - z  
> m y 2 d l n s o u t p u t . v
The following is the expected output from the above command:
R u n n i n g :  . / m a k e c o n v e r t 2 d l n s t o b i n a r y . s h  0 . 7 5  1 2  5  3  0  - z  - n s
R u n n i n g :  . / m a k e t a b l e  4  0  0 . 7 5  1 2  - z
B a s e  i s :  0 . 7 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
R u n n i n g :  . / m a k e l u t . s h  / t m p / l u t . 1 9 5 6 3
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The script shows only little information about the code generation. If  there are messages 
regarding files not being found, an error has most likely occurred. The most common error 
is the base specification.
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B.3 2DLNS Addition/Subtraction
As with the Verilog HDL code for conversion, the Verilog code for addition and 
subtraction is also generated for each specific case by using Unix shell scripts to import 
and modify template HDL code. The resulting output is a stream of Verilog code includes 
a test bench and all modules necessary for addition and subtraction. This stream can be 
saved to a single file for processing with simulation and synthesis tools.
The Unix shell script for performing 2DLNS addition/subtraction is:
m a k e a d d s u b 2 n d i g i t . s h  b a s e  i n p u t b i t s  f i r s t b a s e b i t s  
s e c o n d b a s e b i t s  e x t r a b i t s  s ig n m o d e
N ame/Argument Definition
b a s e ASCII base or optimalbase output filename
i n p u t b i t s Number o f bits for the input (2’s complement, 
including the sign bit)
f i r s t b a s e b i t s Number o f bits for the firstbase index (2’s 
complement include the sign bit)
s e c o n d b a s e b i t s Number o f bits for the secondbase index (2’s 
complement including the sign bit)
e x t r a b i t s Number of bits to add to the firstbase index for 
the output
In some cases there can be overflow in the first 
index; setting this to 1  will generally solve any 
overflow
s ig n m o d e Sign mode: - z  for 2 bits sign (i.e., 0 1  for 
positive, 1 1  for negative, 0 0  for zero)
-n z  for 1 bit sign (i.e., 0  for positive, 1  for 
negative, lowest secondbase index for zero)
All arguments are required as the shell script does not have defaults for the parameters or 
sophisticated error checking.
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B.3.1 Common Code
This section includes the template code for the common operations in the addition/ 
subtraction process. These code segments are copied directly to the output stream with no 
modifications.
B.3.1.1 TEM PLATE_addsubsort2_noclk.v
This code compares two SBD digits and outputs them in order according to their 
magnitude.
m o d u l e  s o r t 2 (  
s i ,  
h i ,
1 1 ,  
s 2 ,  
h 2  ,
1 2 ,  
s o l , 
h o i ,  
l o l ,  
s o 2 ,  
h o 2 ,  
l o 2
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  s b d h i g h b i t s  =  7 ;  
p a r a m e t e r  s b d l o w b i t s  =  7 ;
/ /  T w o  i n p u t  s i g n s  
i n p u t  s i ,  s 2 ;
/ /  T w o  i n p u t  S B D  h i g h  i n d i c i e s  
i n p u t  [  s b d h i g h b i t s  -  1  :  0  ]  h i ,  h 2 ;
/ /  T w o  i n p u t  S B D  l o w  i n d i c i e s  
i n p u t  [  s b d l o w b i t s  -  1  :  0  ]  1 1 ,  1 2 ;
/ /  T w o  o u t p u t  s i g n s  
o u t p u t  s o l ,  s o 2 ; 
r e g  s o l ,  s o 2 ;
/ /  T w o  o u t p u t  S B D  h i g h  i n d i c i e s  
o u t p u t  [  s b d h i g h b i t s  - 1 : 0 ]  h o i ,  h o 2 ;  
r e g  [  s b d h i g h b i t s  - 1 : 0 ]  h o i ,  h o 2 ;
/ /  T w o  o u t p u t  S B D  l o w  i n d i c i e s  
o u t p u t  [  s b d l o w b i t s  - 1 : 0 ]  l o l ,  l o 2 ;  
r e g  [  s b d l o w b i t s  - 1 : 0 ]  l o l ,  l o 2 ;
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/ /  T e m p o r a r y  s t o r a g e
r e g  [  s b d h i g h b i t s  +  s b d l o w b i t s  -  1  :  0  ]  t l ,  t 2  ;
a l w a y s  @ (  s i  o r  h i  o r  1 1  o r  s 2  o r  h 2  o r  1 2  )  
b e g i n
/ /  C o m b i n e  S B D  i n d i c e s  a n d  i n v e r t  h i g h  b i t  f o r  c o m p a r i s o n  
t l  =  {  ~ h l [  s b d h i g h b i t s  -  1  ]  ,  h i  [  s b d h i g h b i t s  -  2  :  0  ]  ,  
t 2  =  {  ~ h 2  [  s b d h i g h b i t s  -  1  ]  ,  h 2 [  s b d h i g h b i t s  -  2  :  0  ]  ,
/ /  S e t  t h e  o u t p u t  a p p r o p r i a t e l y
if ( tl 
begin
> t2
sol < = si
hoi <= hi
lol < . 11
so2 < = S2
ho 2 < -- h2




sol < = s2
hoi < = h2
lol < = 12
so2 < — si
ho 2 < = hi





This code generates the SBD difference between two digits.
module sbddiff_noclk( 
s i , 
hi,
1 1 ,  
s2, 






1 1  )  : 
1 2  }  ;
Hardware Description Code 2DLNS Addition/Subtraction
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
591
University o f  Windsor
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  s b d h i g h b i t s  =  4  ;  
p a r a m e t e r  s b d l o w b i t s  =  7 ;  
p a r a m e t e r  t o t a l  =  7 0 ;
/ /  I n p u t  s i g n s  
i n p u t  s i ,  s 2 ;
/ /  I n p u t  S B D  h i g h  i n d i c i e s  (  2  i s  s u b t r a c t e d  f r o m  1  ) 
i n p u t  [  s b d h i g h b i t s  -  1  :  0  ]  h i ,  h 2 ;
/ /  I n p u t  S B D  l o w  i n d i c i e s
i n p u t  [  s b d l o w b i t s  -  1  :  0  ]  1 1 ,  1 2 ;
/ /  O p e r a t i o n  (  0  =  a d d i t i o n ,  1  =  s u b t r a c t i o n  ) 
o u t p u t  o p ;  
r e g  o p ;
/ /  O u t p u t  S B D  h i g h  i n d e x  
o u t p u t  [  s b d h i g h b i t s  :  0  ]  h o ;  
r e g  [  s b d h i g h b i t s  :  0  ]  h o ;
/ /  O u t p u t  S B D  l o w  i n d e x
o u t p u t  [  s b d l o w b i t s  -  1  :  0  ]  l o ;
r e g  [  s b d l o w b i t s  -  1  :  0  ]  l o ;
r e g  [  s b d h i g h b i t s  :  0  ]  s b d h i g h d i f f ,  s b d h i g h b o r r o w ;  
r e g  [  s b d l o w b i t s  :  0  ]  s b d l o w d i f f ,  s b d l o w b o r r o w ;
a l w a y s  @ (  h i  o r  1 1  o r  h 2  o r  1 2  ) 
b e g i n
s b d l o w d i f f  =  {  1 ' b O  ,  1 1  }  -  {  1 ' b O  ,  1 2  } ;
s b d h i g h d i f f  =  {  h i [  s b d h i g h b i t s  -  1  ]  ,  h i  }  -  {  h 2 [  s b d h i g h b i t s  -  1  ]  ,  h 2  } ;
s b d l o w b o r r o w  =  s b d l o w d i f f  +  t o t a l ;  
s b d h i g h b o r r o w  =  s b d h i g h d i f f  -  1 ;
i f (  s b d l o w d i f f [  s b d l o w b i t s  ]  = =  l ' b l  )  
b e g i n
l o  < =  s b d l o w b o r r o w [  s b d l o w b i t s  -  1  : 0  ] ;  
h o  < =  s b d h i g h b o r r o w ;
e n d
e l s e
b e g i n
l o  < =  s b d l o w d i f f [  s b d l o w b i t s  -  1  :  0  ] ;  
h o  < =  s b d h i g h d i f f ;
e n d
e n d
a l w a y s  @ (  s i  o r  s 2  ) 
b e g i n
o p  < =  s i  A  s 2 ;
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e n d
e n d m o d u l e
B.3.1.3 TEM PLATE_addsubsbdlimiter_noclk.v
This code limits the difference of the SBD output from the above code since it can exceed 
the table sizes.
m o d u l e  s b d l i m i t e r _ n o c l k ( 





/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  s b d h i g h b i t s  =  7 ;  
p a r a m e t e r  s b d l o w b i t s  =  7 ;  
p a r a m e t e r  s b d h i g h b i t s l i m i t  =  3 ;
/ /  I n p u t  S B D  h i g h  i n d e x
i n p u t  [  s b d h i g h b i t s  -  1  :  0  ]  h i ;
/ /  I n p u t  S B D  l o w  i n d e x
i n p u t  [  s b d l o w b i t s  -  1  :  0  ]  l i ;
/ /  O u t p u t  S B D  h i g h  i n d e x
o u t p u t  [  s b d h i g h b i t s l i m i t  -  1  :  0  ]  h o ;
r e g  [  s b d h i g h b i t s l i m i t  - 1 : 0 ]  h o ;
/ /  O u t p u t  S B D  l o w  i n d e x
o u t p u t  [  s b d l o w b i t s  -  1  :  0  ]  l o ;
r e g  [  s b d l o w b i t s  -  1  :  0  ]  l o ;
r e g  [  s b d h i g h b i t s  -  s b d h i g h b i t s l i m i t  -  1  : 0  ]  t l ,  t 2 ;
a l w a y s  @ (  h i  o r  l i  )  
b e g i n
/ /  L o o k  a t  u p p e r  b i t s  o f  h i g h  i n d e x  c o m p o n e n t  
t l  =  h i [  s b d h i g h b i t s  -  1  :  s b d h i g h b i t s l i m i t  ] ;
t 2  =  {  (  s b d h i g h b i t s  -  s b d h i g h b i t s l i m i t  )  {  h i [  s b d h i g h b i t s  -  1  ]  }  } ;
11  I f  t h e y  a r e  e q u a l ,  t h e y  a r e  n o t  e x c e e d i n g  t h e  l i m i t  
i f (  t l  = =  t 2  )
b e g i n
/ /  O u t p u t  w h a t  c a m e  i n  
l o  < =  l i ;
h o  < =  h i [  s b d h i g h b i t s l i m i t  -  1  :  0  ] ;
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e n d
e l s e
b e g i n
/ /  O u t p u t  t h e  h i g h e s t  p o s s i b l e  v a l u e s  ( a l l  l ' s )  
l o  < =  {  (  s b d l o w b i t s  )  {  l ' b l  }  } ;
h o  < =  {  (  s b d h i g h b i t s l i m i t  )  {  l ' b l  }  } ;
e n d
e n d
e n d m o d u l e
B.3.1.4 TEM PLATE_addsubsbdaddsub_noclk.v
This code adds or subtracts two SBD digits.
m o d u l e  s b d a d d s u b _ n o c l k ( 
m ,  
h i ,






/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  s b d h i g h b i t s  =  4 ;  
p a r a m e t e r  s b d l o w b i t s  =  7 ;  
p a r a m e t e r  t o t a l  =  7 0 ;
/ /  O p e r a t i o n  ( 0  =  a d d i t i o n ,  1  =  s u b t r a c t i o n )  
i n p u t  m ;
/ /  I n p u t  h i g h  S B D  i n d i c e s
i n p u t  [  s b d h i g h b i t s  -  1  :  0  ]  h i ,  h 2  ;
/ /  I n p u t  l o w  S B D  i n d i c e s
i n p u t  [  s b d l o w b i t s  -  1  :  0  ]  1 1 ,  1 2 ;
/ /  O u t p u t  h i g h  S B D  i n d e x  
o u t p u t  [  s b d h i g h b i t s  :  0  ]  h o ;  
r e g  [  s b d h i g h b i t s  :  0  ]  h o ;
/ /  O u t p u t  l o w  S B D  i n d e x
o u t p u t  [  s b d l o w b i t s  -  1  :  0  ]  l o ;
r e g  [  s b d l o w b i t s  - 1 : 0 ]  l o ;
r e g  [  s b d h i g h b i t s  :  0  ]  s b d h i g h s u m d i f f ,  s b d h i g h c a r r y b o r r o w ;  
r e g  [  s b d l o w b i t s  :  0  ]  s b d l o w s u m d i f f ,  s b d l o w c a r r y b o r r o w ;
r e g  c a r r y ,  z e r o ;
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a l w a y s  @ (  m  o r  h i  o r  1 1  o r  h 2  o r  1 2  )  
b e g i n
i f (  ! m  ) 
b e g i n
s b d l o w s u m d i f f  =  {  1 ' b O  ,  1 1  }  +  {  1 ' b O  ,  1 2  } ;
s b d h i g h s u m d i f f  =  {  h i  [  s b d h i g h b i t s  -  1  ]  ,  h i  }  +  {  h 2 [  s b d h i g h b i t s  -  1  ]  ,
h 2  }  ;
c a r r y  =  (  s b d l o w s u m d i f f  > =  t o t a l  ) ;  
s b d l o w c a r r y b o r r o w  =  s b d l o w s u m d i f f  -  t o t a l ;  
s b d h i g h c a r r y b o r r o w  =  s b d h i g h s u m d i f f  +  1 ;  
z e r o  =  1 ' b O ;
e n d
e l s e
b e g i n
s b d l o w s u m d i f f  =  {  1 ' b O  ,  1 1  }  -  {  1 ' b O  ,  1 2  } ;
s b d h i g h s u m d i f f  =  {  h i [  s b d h i g h b i t s  -  1  ]  ,  h i  }  -  {  h 2 [  s b d h i g h b i t s  -  1  ]  ,
h 2  }  ;
c a r r y  =  s b d l o w s u m d i f f [  s b d l o w b i t s  ] ;  
s b d l o w c a r r y b o r r o w  =  s b d l o w s u m d i f f  +  t o t a l ;  
s b d h i g h c a r r y b o r r o w  =  s b d h i g h s u m d i f f  -  1 ;  
z e r o  =  (  1 2  > =  t o t a l  ) ;
e n d
i f  (  z e r o  )  
b e g i n
l o  < =  t o t a l ;  
h o  <  =  0 ;
e n d
e l s e
b e g i n
i f  (  c a r r y  )  
b e g i n
l o  < =  s b d l o w c a r r y b o r r o w [  s b d l o w b i t s  -  1  :  0  ]  ;  
h o  < =  s b d h i g h c a r r y b o r r o w ;
e n d
e l s e
b e g i n
l o  < =  s b d l o w s u m d i f f [  s b d l o w b i t s  -  1  :  0  ]  ;  




e n d m o d u l e
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B.3.1.5 TEM PLATE_addsubbinadd_noclk.v
This code adds (2’s complement safe) two binary digits.
m o d u l e  b i n a d d _ n o c l k ( 
b l ,  
b 2 ,  
o
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  x s i z e  =  8 ;  
p a r a m e t e r  y s i z e  =  4 ;  
p a r a m e t e r  o s i z e  =  4 ;
i n p u t  [  x s i z e  -  1  :  0  ]  b l ;
i n p u t  [  y s i z e  -  1  :  0  ]  b 2  ;
o u t p u t  [  o s i z e  -  1  :  0  ]  o ;  
r e g  [  o s i z e  -  1  :  0  ]  o ;
r e g  [  x s i z e  -  1  : 0  ]  o t e m p ;
a l w a y s  @ (  b l  o r  b 2  ) 
b e g i n
o t e m p  =  b l  +  {  {  (  x s i z e  -  y s i z e  )  {  b 2 [  y s i z e  -  1  ]  }  }  ,  b 2  } ;
o  < =  o t e m p [  o s i z e  -  1  : 0  ] ;
/ /  $ d i s p l a y ( " b l = % b  b 2 = % b  o t e m p = % b ,  o = % b " ,  b l , b 2 , o t e m p , o ) ;  
e n d
e n d m o d u l e
B.3.2 Simulation Test Bench
Only a parallel simulation test bench is included for easy circuit verification. Valid 
simulation output lines include a “+” at the beginning with no X’s (I DON’T CARE). 
These valid lines include the two addends (in sequence) and the final 2DLNS digit.
Example Output in Binary (Z) = 0.75 )
+ 0 1  0 0 0 1 1 1  0 0 0 0  1 1  0 0 0 0 1 1  0 0 0 1  0 1  0 0 0 1 0 0 1  0 1 0 1
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Output in Decimal 
1 7 0  -1 3 1 1 9 5 ~
Final Expression 
1 • 27 • D° -  1 • 23 • D l = 1 • 29 ■ D5 = 121.5
The simulation includes all possible combinations of 2DLNS inputs. In order to insert the 
conversion parameters and module name, some stream processing is performed on these 
templates.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
--MAGIC-- 3 Output conversion-module name
B.3.2.1 TEMPLATE_addsub2simulation.v
' t i m e s c a l e  I n s / l O p s
/ /  D e f i n e  m a i n  m o d u l e  
m o d u l e  t e s t ;
/ /  D e f i n e  c l o c k  
r e g  C K ;
- - M A G I C - -  2
p a r a m e t e r  e x t r a f i r s t b a s e b i t s  =  1 ;  
p a r a m e t e r  l a t e n c y  =  7 ;
/ /  T e s t  b e n c h  r e g i s t e r s
r e g  [  t w o b i t m o d e  : 0  ]  s i ,  s 2 ,  j s l ,  j s 2 ;  
r e g  [  f i r s t b a s e b i t s  - 1 : 0 ]  a l ,  a 2 ,  j a l ,  j a 2 ;  
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  b l ,  b 2 ,  j b l ,  j b 2 ;  
w i r e  [  t w o b i t m o d e  :  0  ]  f i n a l s ;
w i r e  [  f i r s t b a s e b i t s  +  e x t r a f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l a ;  
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l b ;
- - M A G I C - -  3  
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
t o t a l ,
s b d h i g h b i t s l i m i t ,  
s b d l o w b i t s ,
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e x p f i r s t b a s e b i t s ,  
s b d f i r s t b a s e b i t s ,  
t w o b i t m o d e ,  
e x t r a f i r s t b a s e b i t s
)
u n i t  (
C K ,
1 '  b O ,  
s i ,  
a l ,  
b l ,  
s 2 ,  
a 2 ,  
b 2  ,
f i n a l s ,  
f i n a l a ,  
f i n a l b
)  ;
r e g  [  (  t w o b i t m o d e  +  1  +  f i r s t b a s e b i t s  
r e g  [  (  t w o b i t m o d e  +  1  +  f i r s t b a s e b i t s  
l a t e n c y  -  1  ]  ;  
i n t e g e r  i ;
/ /  I n i t i a l i z a t i o n  r o u t i n e  
i n i t i a l  
b e g i n  
$ n o k e y ;
$ n o l o g ;
/ /  I n i t i a l i z e  c l o c k  
C K  =  0 ;
/ /  S e t  i n i t i a l  v a l u e s  
i  =  0 ;
i f  (  t w o b i t m o d e  ) 
b e g i n
s i  =  1 ;  
s 2  =  1 ;
e n d
e l s e
b e g i n
s i  =  0 ;  
s  2  =  O r
e n d
a l  =  0 ;  
b l  =  0 ;  
a 2  =  0 ;  
b 2  =  0 ;
k  =  {  s i ,  a l ,  b l ,  s 2 ,  a 2 ,  b 2  } ;
s e c o n d b a s e b i t s  )  *  2  -  1  :  0  ]  k ;  
s e c o n d b a s e b i t s  )  * 2 - 1 : 0 ]  j [ 0 :
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j  [  l a t e n c y  -  1  ]  =  k ;  
e n d
/ /  S e t  u p  t h e  c l o c k  t o  p u l s e  e v e r y  5  u n i t s  
a l w a y s  # 5  C K  =  ! C K ;
a l w a y s  @  (  p o s e d g e  C K  ) 
b e g i n
{  j s l ,  j a l ,  j b l ,  j s 2 ,  j a 2 ,  j b 2  }  =  j [  i  %  l a t e n c y  ]  ;
$ w r i t e (  " + % b \ t % b \ t % b \ t % b \ t % b \ t % b \ t " ,  j s l ,  j a l ,  j b l ,  j s 2 ,  j a 2 ,  j b 2  ) ;
$ w r i t e (  " % b \ t % b \ t % b \ n " ,  f i n a l s ,  f i n a l a ,  f i n a l b  ) ;
k = k + 1;
i f ( k  = =  0  )  
b e g i n
$ f i n i s h ;
e n d
{  j s l ,  j a l ,  j b l ,  j s 2 ,  j a 2 ,  j b 2  }  =  k ;
i f  (  t w o b i t m o d e  ) 
b e g i n
w h i l e (  j s l  = =  2 ' b l O  | |  j s 2  = =  2 ' b l O  )  
b e g i n
k  =  k  +  1 ;
{  j s l ,  j a l ,  j b l ,  j s 2 ,  j a 2 ,  j b 2  }  =  k ;  
e n d  
e n d
{  s i ,  a l ,  b l ,  s 2 ,  a 2 ,  b 2  }  < =  k ;  
j [  i  %  l a t e n c y  ]  < =  k ;  
i  =  (  i  +  1  )  %  l a t e n c y ;  
e n d
e n d m o d u l e
B.3.3 LUT Code
As with the RALUTs, LUTs should be implemented using modem dynamic memory 
techniques. However, at the time of this writing no reliable memory generator was
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available. Until one is available, the LUTs will also be implemented using standard logic 
gates and tri-state buffers. The actual decode logic is a synthesised version o f Figure 3.2, 
“Standard LUT Structure,” on page 35. The bit pattern output is that o f Figure 5.9, “Tri- 
State Drivers for Output Bit Patterns,” on page 115. The syntax of this command is:
makelut.sh inputfile
Argument Definition
i n p u t f i l e A file containing the contents o f the RALUT
This Unix shell script performs a considerable amount of stream processing to scale the 
LUT HDL code to fit the needs of that particular configuration.
Stream Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture LUT contents, columns determined here
--MAGIC-- 2 Output address assignments
--MAGIC-- 3 Output bit pattern assignments
--MAGIC-- 4 Output Verilog code to short bit patterns (to generate wired or
logic)
--MAGIC-- 5 Output LUT contents in the same format as read in
%MAGICd% Replace %MAGICd% with the input data CRC and file size 
(i.e., “data_size” in decimal form)
%MAGICi% Repeat each line from 1 to the number o f output columns 
while replacing %MAGICi% with the counter
%MAGICj % While repeating each line from 1 to the number o f output 
columns with %MAGICi%, replease %MAGICj % with the 
bitwidth of the associated column
%MAGIC1% Print the number of rows in the LUT
%MAGICm% Print the number o f bits necessary to hold the number of rows
in the LUT
%MAGICn% Replace %MAGICn% with the number o f output columns
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B.3.3.1 makelut.sh
# !  / b i n / s h
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2  
d a t a f i l e = $ l
#  D e f i n e  t o o l s  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C h e c k  f o r  f i l e n a m e
i f  t e s t  - z  " $ d a t a f i l e " ;  t h e n
e c h o  N o  f i l e  n a m e  s p e c i f i e d .  1 > & 2
e x i t
f i
#  C h e c k  i f  f i l e  i s  r e a d a b l e
i f  t e s t  ! - r  " $ d a t a f i l e " ;  t h e n  
e c h o  C a n  n o t  r e a d  $ d a t a f i l e  1 > & 2
e x i t
f i
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = ' $ C O M M A N D _ c k s u m  $ d a t a f i l e  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " _ " $ 2 ; \
#  G e n e r a t e  t e m p l a t e  n a m e  
t e m p l a t e = T E M P L A T E _ l u t _ n o c l k . v
#  P r o c e s s  t h e  L U T  t e m p l a t e
(  e c h o  " - - M A G I C - -  1 "  ;  (  c a t  $ d a t a f i l e  | t r  - d  )  ;  e c h o  " - - M A G I C - -  0 "  ;  c a t
$ t e m p l a t e  )  | n a w k  ' \
B E G I N \
{ \
m  =  0  ;  \
1  =  0 ;  \  
e  =  0 ;  \
} \  
{ \
i f  (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $ 2 ;  \  
i f (  m  <  2  ) \
( \
c o n t i n u e ; \
} \
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
s p l i t (  d a t a [  i  ] ,  t  ) ; \
p r i n t  " r o m A d d r [ "  i  " ] = "  l e n g t h (  t [  1  ]  )  " \ 0 4 7 b "  t [  1  ]  ; \
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} \  
} \
e l s e  i f (  m  = =  3  ) \
{ \
f o r t  i  =  0  ;  i < l  ;  i = i + l ) \
{ \
n  =  s p l i t (  d a t a [  i  ] ,  t  ) ; \  
f o r ( j = l ; j < n ; j = j + l ) \
{ \
p r i n t  " r o m O u t "  j  " [ "  i  " ] = "  l e n g t h ( t [  j  +  1  3
; \
} \  
} \  
} \
e l s e  i f (  m  = =  4  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
f o r ( j = l ; j < e ; j = j + l ) \
{ \
p r i n t  " a s s i g n  f i n _ o "  j  "  =  t r i _ o "  j  " [ "  i
} \  
} \  
} \
e l s e  i f (  m  = =  5  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
m  =  0  ;  \  
c o n t i n u e ; \
} \
e l s e \
{ \
i f (  m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $  0 ; \  
n  =  s p l i t (  d a t a [  1  ] ,  t  ) ; \  
i f  (  e  = =  0  ) \
{ \
e  =  n ;  \
} \
i f  (  e  >  0  & &  n  ! =  e  )
{ \
e x i t  1 ; \
} \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,
)  " \ 0 4 7 b "  t [  j  +  1  ]
;  \
n  +  8  )  ;  \
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n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
n  =  m a t c h ( b ,  " % M A G I C n % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  e  -  1  " "  s u b s t r (  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C n % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C k % "  ) ; \  
w h i l e (  n  ) \
{ \
s p l i t (  d a t a [  0  ] ,  t  ) ; \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  l e n g t h (  t [  1  ]  )  " "  s u b s t r f  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C k % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C 1 % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  1  " "  s u b s t r f  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C 1 % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C m % "  ) ; \  
w h i l e (  n  ) \
{ \
a  =  l o g  (  1  ) /  l o g (  2 . 0  ) ; \
i f  (  i n t  (  a  )  ! =  a  )  \
{ \
a  =  i n t ( a  ) +  1 ; \
} \
b  =  s u b s t r f  b ,  1 ,  n  -  1  )  " "  a  " "  s u b s t r f  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C m % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C . % "  ) ; \  
i f f  n  ) \
{ \
s p l i t (  d a t a [  0  ] ,  t  ) ; \
f o r ( i = l ; i < e ; i = i + l ) \
{ \
a  =  b ;
n  =  m a t c h f  a ,  " % M A G I C . % "  ) ; \  
w h i l e (  n  ) \
{ \
i f f  s u b s t r f  a ,  n  +  6 ,  1  )  = =  " i "  ) \
{ \
C  =  i ; \
} \
e l s e  i f f  s u b s t r f  a ,  n  +  6 ,  1  )  = =  " j "  ) \
{ \
c  =  l e n g t h (  t [  i  +  1  ]  )  ; \
} \
a  =  s u b s t r f  a ,  1 ,  n  -  1  )  " "  c  " "  s u b s t r f  a ,  n  +  8  ) ; \
n  =  m a t c h f  a ,  " % M A G I C . % "  ) ; \
} \
p r i n t  a ; \
} \  
} \
e l s e \
{ \
p r i n t  b ; \
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} '  F I L E I D = $ F I L E I D
B.3.4 Exponent to SBD Conversion
One major component to performing addition and subtraction in 2DLNS is to convert each 
2DLNS digit (two indices) into a SBD representation (one index). Since this operation is 
performed for every input digit, a separate module is built so it can easily be instantiated. 
Very little stream processing is performed.
Stream Element Processing Event
%MAGICd% Replace %MAGICd% with the input data CRC and file size 
(i.e., “data_size” in decimal form)
B.3.4.1 makeaddsubexptosbd.sh
#  ! / b i n / s h
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
d a t a f i l e = $ l  
M O D E = $ 2
#  D e f i n e  t o o l s  
C O M M A N D _ l u t = . / m a k e l u t . s h  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m
#  C h e c k  f o r  f i l e n a m e
i f  t e s t  - z  " $ d a t a f i l e " ;  t h e n
e c h o  N o  f i l e  n a m e  s p e c i f i e d .  1 > & 2
e x i t
f  i
#  C h e c k  i f  f i l e  i s  r e a d a b l e
i f  t e s t  ! - r  " $ d a t a f i l e " ;  t h e n  
e c h o  C a n  n o t  r e a d  $ d a t a f i l e  1 > & 2
e x i t
f i
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D = “ $ C O M M A N D _ c k s u m  $ d a t a f i l e  | $ C O M M A N D _ n a w k  ' \  
{ \
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p r i n t  $ 1 " $ 2 ; \
#  G e n e r a t e  t e m p l a t e  n a m e
t e m p l a t e = T E M P L A T E _ a d d s u b e x p t o s b d _ n o c l k . v
#  P r o c e s s  t h e  L U T  t e m p l a t e  
c a t  $ t e m p l a t e  | n a w k  ' \
{ \
b  =  $ 0 ;
n  =  m a t c h ( b ,  " % M A G I C d % "  ) ; \  
w h i l e ( n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D  " "  s u b s t r (  b ,  n  +  8  ) ; \
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
p r i n t  b ; \
} '  F I L E I D = $ F I L E I D
#  M a k e  L U T  c o d e
$ C O M M A N D _ l u t  $ d a t a f i l e
B.3.4.2 TEMPLATE_addsubexptosbd_noclk.v
m o d u l e  e x p t o s b d _ % M A G I C d % _ n o c l k ( 
s i g n i n ,
f i r s t b a s e i n d e x ,  
s e c o n d b a s e i n d e x ,  
s i g n o u t ,  
s b d h i g h i n d e x ,  
s b d l o w i n d e x
) ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  f i r s t b a s e b i t s  =  6 ;  
p a r a m e t e r  s e c o n d b a s e b i t s  =  4 ;  
p a r a m e t e r  e x p f i r s t b a s e b i t s  =  4 ;  
p a r a m e t e r  s b d l o w b i t s  =  7 ;  
p a r a m e t e r  t w o b i t m o d e  =  1 ;
p a r a m e t e r  s b d h i g h b i t s  =  f i r s t b a s e b i t s  +  1 ;
/ /  i n p u t  s i g n
i n p u t  [  t w o b i t m o d e  : 0  ]  s i g n i n ;
/ /  f i r s t b a s e  e x p o n e n t
i n p u t  [  f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t b a s e i n d e x ;
/ /  s e c o n d b a s e  e x p o n e n t
i n p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d b a s e i n d e x ;
/ /  o u t p u t  s i g n  ( o n e  b i t  m o d e  h e r e )  
o u t p u t  s i g n o u t ;  
r e g  s i g n o u t ;
/ /  S B D  h i g h  i n d e x
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o u t p u t  [  s b d h i g h b i t s  - 1 : 0 ]  s b d h i g h i n d e x ;  
r e g  [ s b d h i g h b i t s  - 1 : 0 ]  s b d h i g h i n d e x ;
/ /  S B D  l o w  i n d e x
o u t p u t  [  s b d l o w b i t s  - 1 : 0 ]  s b d l o w i n d e x ;
/ /  r e g  [  s b d l o w b i t s  - 1 : 0 ]  s b d l o w i n d e x ;
w i r e  [  e x p f i r s t b a s e b i t s  - 1 : 0 ]  t a b l e h i g h i n d e x ;  
r e g  [  e x p f i r s t b a s e b i t s  - 1 : 0 ]  z e r o r e p i n ;
r e g  [  s b d h i g h b i t s  - 1 : 0 ]  e x t e n d e d t a b l e h i g h i n d e x ,  e x t e n d e d f i r s t b a s e i n d e x ,  
z e r o r e p o u t ;
l u t 2 _ % M A G I C d % _ n o c l k
l u t
(
t a b l e h i g h i n d e x ,
s b d l o w i n d e x ,
s e c o n d b a s e i n d e x
)  ;
' i f d e f  D C  
’ e l s e
i n i t i a l
b e g i n
z e r o r e p i n  =  {  l ' b l  ,  {  (  e x p f i r s t b a s e b i t s  -  1  )  {  1 ' b O  }  }  } ;
z e r o r e p o u t  =  {  l ' b l  ,  {  (  s b d h i g h b i t s  -  1  )  {  1 ' b O  }  }  } ;
e n d
' e n d i f
a l w a y s  @ (  s i g n i n  o r  f i r s t b a s e i n d e x  o r  t a b l e h i g h i n d e x  )  
b e g i n
' i f d e f  D C
z e r o r e p i n  =  {  l ' b l  ,  {  (  e x p f i r s t b a s e b i t s  -  1  } {  1 ' b O  }  }  } ;
z e r o r e p o u t  =  {  l ' b l  ,  {  (  s b d h i g h b i t s  -  1  )  {  1 ' b O  }  }  } ;
' e l s e
' e n d i f
e x t e n d e d t a b l e h i g h i n d e x  =  {  {  (  s b d h i g h b i t s  -  e x p f i r s t b a s e b i t s  )  {  
t a b l e h i g h i n d e x [  e x p f i r s t b a s e b i t s  -  1  ]  }  }  ,  t a b l e h i g h i n d e x [  
e x p f i r s t b a s e b i t s  -  1  : 0  ]  } ;
e x t e n d e d f i r s t b a s e i n d e x  =  {  f i r s t b a s e i n d e x [  f i r s t b a s e b i t s  -  1  ]  ,  
f i r s t b a s e i n d e x [  f i r s t b a s e b i t s  - 1 : 0 ]  } ;
/ /  $ d i s p l a y ( " r t = % b  h t l = % b  h t 2 = % b
b t = % b " , r t e m p , t a b l e h i g h i n d e x , e x t e n d e d t a b l e h i g h i n d e x , e x t e n d e d f i r s t b a s e i n d e x ) ;
i f  (  t w o b i t m o d e  ) 
b e g i n
i f  (  s i g n i n  = =  2 ' b O O  )  
b e g i n
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s i g n o u t  < =  0 ;
s b d h i g h i n d e x  < =  z e r o r e p o u t ;
e n d
e l s e
b e g i n
s i g n o u t  < =  s i g n i n  [  t w o b i t m o d e  ] ;
s b d h i g h i n d e x  < =  e x t e n d e d f i r s t b a s e i n d e x  +  e x t e n d e d t a b l e h i g h i n d e x ;
e n d
e n d
e l s e
b e g i n
s i g n o u t  < =  s i g n i n ;
i f  (  t a b l e h i g h i n d e x  = =  z e r o r e p i n  )  
b e g i n
s b d h i g h i n d e x  < =  z e r o r e p o u t ;
e n d
e l s e
b e g i n
s b d h i g h i n d e x  < =  e x t e n d e d f i r s t b a s e i n d e x  +  e x t e n d e d t a b l e h i g h i n d e x ;  
e n d  
e n d  
e n d
e n d m o d u l e
B.3.5 2DLNS Addition and Subtraction
The Unix shell script for the serial quick «-digit converter uses the standard set of 
arguments. Some stream processing is done to insert the conversion parameters.
Stream  Element Processing Event
--MAGIC-- 0 Return to normal processing
--MAGIC-- 1 Capture text to be streamed out later
--MAGIC-- 2 Stream out captured text
%MAGICa% Replace %MAGICa% with the “exptosbd” tables data CRC 
and file size (i.e., “data_size” in decimal form)
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Stream Element Processing Event
%MAGICb% Replace %MAGICb% with the addition table data CRC and
file size
%MAGICC% Replace %MAGICc% with the subtraction table data CRC and
file size
%MAGICd% Replace %MAGICd% with the sbdtoexp table data CRC and
file size
%MAGICe% Replace %MAGICe% with the “total” (i.e., exptosbd, addition, 
subtraction, sbdtoexp) table data CRC and file size
6.3.5.1 makeaddsub2digit.sh
# !  / b i n / s h
#  M a k e  v e r i l o g  c o d e  f o r  a  p a r a l l e l  2 - d i g i t  M D L N S  a d d e r / s u b r a c t o r
i f  t e s t  $ #  - I t  5 ;  t h e n
e c h o  " u s a g e :  $ 0  b a s e , f i l e  f i r s t b a s e b i t s  s e c o n d b a s e b i t s  e x t r a b i t s  z e r o f l a g "  
1 > & 2
e c h o  " b a s e , f i l e  =  n u m e r i c a l  b a s e  o r  f i l e  f r o m  o p t i m a l  b a s e
s o f t w a r e "  1 > & 2
e c h o  " f i r s t b a s e b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  f i r s t  b a s e  i n d e x  e . g .  4
=  - 8  t o  1"  1 > & 2
e c h o  " s e c o n d b a s e b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  s e c o n d  b a s e  i n d e x
( z e r o f l a g  w i l l  a f f e c t  t h i s ) "  1 > & 2  
e c h o  " e x t r a b i t s  =  n u m b e r  o f  b i t s  f o r  t h e  e l i m i n a t e  f r o m  t h e
s e c o n d  b a s e  i n d e x "  1 > & 2  
e c h o  " z e r o f l a g  =  - z  ( 2  b i t  s i g n )  o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
f i
#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  D e f i n e  s o m e  v a r i a b l e s
T E M P L A T E _ s i m u l a t i o n = T E M P L A T E _ a d d s u b s i m u l a t i o n . v  
T E M P L A T E _ a d d s  u b = T E M  P L A T E _ a d d s u b 2  d i  g i t . v  
T E M P L A T E _ s  o  r t  2 = T E M P L A T E _ _ a d d s u b  s o  r 1 2 _ n o  c l k . v  
T E M P L A T E _ s b d d i  f f = T E M P L A T E _ a d d s u b s b d d i  f  f _ n o c l k . v  
T E M P L A T E _ s b d l i m i t e r = T E M P L A T E _ a d d s u b s b d l i m i t e r _ n o c l k . v  
T E M P L A T E _ s b d a d d s u b = T E M P L A T E _ a d d s u b s b d a d d s u b _ n o c l k . v  
T E M P L A T E _ b i n a d d = T E M P L A T E _ a d d s u b b i n a d d _ n o c l k . v
#  D e f i n e  t o o l s  
C O M M A N D _ l u t  = . / m a k e l u t . s h  
C O M M A N D _ r a l u t = . / m a k e r a l u t . s h  
C O M M A N D _ e x p t o s b d = . / m a k e a d d s u b e x p t o s b d . s h  
C O M M A N D _ t o b i n a r y = . / t o b i n a r y  
C O M M A N D _ a d d s u b r e d u c e = . / a d d s u b r e d u c e  
C O M M A N D _ n a w k = / u s r / b i n / n a w k
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C O M M A N D _ c a t = / u s r / b i n / c a t  
C O M M A N D _ r m = / u s r / b i n / r m  
C O M M A N D _ w c = / u s r / b i n / w c  
C O M M A N D _ t r = / u s r / b i n / t r  
C O M M A N D _ c u t  =  / u s r / b i n / c u t  
C O M M A N D _ u n i q = / u s r / b i n / u n i q  
C O M M A N D _ c k s u m = / u s r / b i n / c k s u m  
C O M M A N D _ c h m o d = / u s r / b i n / c h m o d
#  E x t r a  c o m m a n d  a r g u m e n t s  
E X T R A C O M M A N D S = " - n v  - S S  - r t  8 "
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
B A S E = $ 1
F I R S T B A S E B I T S = $ 2
S E C 0 N D B A S E B I T S = $ 3
E X T R A B I T S = $ 4
Z M O D E = $ 5
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M O D E "  =  " X "  ] ;  t h e n
T W 0 B I T M 0 D E = 1
Z M O D E = - z
e l s e
i f  [  " $ Z M O D E "  =  "-z" ] ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  " $ Z M O D E "  =  " - n z "  ] ;  t h e n  
T W O B I T M O D E = 0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  1 > & 2  
e x i t
f i
f i
#  R e m o v e  a n y  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  G e n e r a t e  t h e  d a t a
e c h o  R u n n i n g :  $ C O M M A N D _ a d d s u b r e d u c e  $ B A S E  $ S E C O N D B A S E B I T S  - a s  $ E X T R A B I T S  - p p  /  
t m p  - p s  . $ $  $ Z M O D E  $ E X T R A C O M M A N D S  1 > & 2  
$ C O M M A N D _ a d d s u b r e d u c e  $ B A S E  $ S E C O N D B A S E B I T S  - a s  $ E X T R A B I T S  - p p  / t m p  - p s  . $ $  
$ Z M O D E  $ E X T R A C O M M A N D S  >  / t m p / r a w . $ $
$ C O M M A N D _ c h m o d  u + x  / t m p / r a w . $ $
t o b i n a r y = $ C O M M A N D _ t o b i n a r y  
e x p o r t  t o b i n a r y  
.  / t m p / r a w . $ $
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#  R e m o v e  o l d  f i l e s  
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
$ C O M M A N D _ r m  - f  / t m p / a d d . $ $
$ C O M M A N D _ r m  - f  / t m p / s u b . $ $
#  G e n e r a t e  a d d i t i o n  R A L U T  d a t a  ( m e r g e  s b d  i n d i c e s )
$ C O M M A N D _ c a t  / t m p / b i n . a d d . $ $  |  $ C O M M A N D _ n a w k  ' \
{ \
#  M e r g e  f i e l d  1  a n d  2  
p r i n t  $ 1 " " $ 2 "  " $ 3 "  " $ 4 ; \
} \
'  >  / t m p / a d d . $ $
#  G e n e r a t e  s u b t r a c t i o n  R A L U T  d a t a  ( m e r g e  s b d  i n d i c e s )
$ C O M M A N D _ c a t  / t m p / b i n . s u b . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
#  M e r g e  f i e l d  1  a n d  2  
p r i n t  $ 1 " " $ 2 "  " $ 3 "  " $ 4 ; \
} \
'  >  / t m p / s u b . $ $
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / r a w . $ $
#  R e m o v e  o l d  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i n . a d d . $ $
$ C O M M A N D _ r m  - f  / t m p / b i n . s u b . $ $
#  G e n e r a t e  u n i q u e  m e m o r y  I D  f o r  e x p  t o  s b d  L U T
F I L E I D A L L = ' $ C O M M A N D _ c a t  / t m p / b i n . e x p . $ $  / t m p / a d d . $ $  / t m p / s u b . $ $  / t m p / b i n . s b d . $ $  
| $ C O M M A N D _ c k s u m  | $  C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " _ " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1 "  ;  $ C O M M A N D _ c a t  / t m p / p a r a m s a d d s u b . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s i m u l a t i o n  )  | $ C O M M A N D _ n a w k  ' \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
m  =  0 ;  \
1  =  0 ;  \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f  (  $ 1  = =  " - - M A G I C - - "  ) \
{ \
m  =  $2  ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f (  m  <  2  ) \
{ \
c o n t i n u e ; \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ;  i < l ; i = i + l ) \
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{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
#  I f  M A G I C 3 ,  i n s e r t  m o d u l e  n a m e
e l s e  i f ( m  = =  3  ) \
{ \
p r i n t  M O D U L E N A M E " F I L E I D ; \
} \
m  =  0  ;  \  
c o n t  i n u e ; \
} \
e l s e \
{ \
#  I f  M A G I C 1  c a p t u r e  i n p u t
i f (  m  = =  1  ) \
{ \
d a t a [  1  ]  =  $ 0 ; \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
p r i n t  $ 0 ;  \
} \  
} \
} '  M O D U L E N A M E = a d d s u b 2 d i g i t  F I L E I D = $ F I L E I D A L L
#  G e n e r a t e  u n i q u e  m e m o r y  I D  f o r  e x p  t o  s b d  L U T  
F I L E I D l = ' $ C O M M A N D _ c k s u m  / t m p / b i n . e x p . $ $  |  $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " $ 2 ; \
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D 2 = ' $ C O M M A N D _ c k s u m  / t m p / a d d . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " _ " $ 2 ; \
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D 3 = ' $ C O M M A N D _ c k s u m  / t m p / s u b . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " _ " $ 2 ; \
#  G e n e r a t e  u n i q u e  m e m o r y  I D
F I L E I D 4 = ' $ C O M M A N D _ c k s u m  / t m p / b i n . s b d . $ $  | $ C O M M A N D _ n a w k  ' \
{ \
p r i n t  $ 1 " _ " $ 2 ; \
#  P a r s e  t e m p l a t e  c o d e  a n d  i n s e r t  p a r a m e t e r s  w h e r e  n e e d e d
(  e c h o  " - - M A G I C - -  1" ; $ C O M M A N D _ c a t  / t m p / p a r a m s a d d s u b . $ $  ;  e c h o  " - - M A G I C - -  0 "  ;  
$ C O M M A N D _ c a t  $ T E M P L A T E _ a d d s u b  ) | $ C O M M A N D _ n a w k  > \
#  I n i t i a l i z e  m o d e ,  l i n e  c o u n t  
B E G I N \
{ \
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m  =  0  ;  \
1  =  0  ;  \
} \  
{ \
#  L o o k  f o r  m a g i c  w o r d
i f (  $ 1  = =  " - - M A G I C - - "  ) \
( \
m  =  $ 2 ;  \
#  I f  l e s s  t h a n  2 ,  d o  l i n e  b y  l i n e  p a r s i n g
i f  (  m  <  2  )  \
{ \
c o n t i n u e ;  \
} \
#  I f  M A G I C 2 ,  i n s e r t  p a r a m e t e r s
e l s e  i f (  m  = =  2  ) \
{ \
f o r ( i = 0 ; i < l ; i = i + l ) \
{ \
p r i n t  d a t a [ i ] ; \
} \  
} \
m  =  0  ;  \  
c o n t i n u e ; \
} \
e l s e \
( \
#  I f  M A G I C l  c a p t u r e  i n p u t
i f ( m  = =  1  ) \
{ \
d a t a  [  1  ]  =  $  0 ;  \
1  =  1  +  1 ; \  
c o n t i n u e ; \
} \
e l s e \
#  I f  M A G I C O  r e l a y  i n p u t
{ \
b  =  $ 0 ;
n  =  m a t c h (  b ,  " % M A G I C a % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D l  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C a % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C b % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D 2  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C b % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C c % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D 3  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C c % "  ) ; \
} \
n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \  
w h i l e (  n  ) \
{ \
b  =  s u b s t r ( b ,  1 ,  n  -  1  )  " "  F I L E I D 4  " "  s u b s t r (  b ,  n  +  8  ) ; \
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n  =  m a t c h (  b ,  " % M A G I C d % "  ) ; \
} \
n  =  m a t c h ( b ,  " % M A G I C e % "  ) ; \  
w h i l e (  n  ) \
( \
b  =  s u b s t r (  b ,  1 ,  n  -  1  )  " "  F I L E I D A L L  " "  s u b s t r (  b ,  n  +  8  ) ; \  
n  =  m a t c h (  b ,  " % M A G I C e % "  ) ; \
} \
p r i n t  b ; \
} \  
} \
} '  F I L E I D 1 = $ F I L E I D 1  F I L E I D 2 = $ F I L E I D 2  F I L E I D 3 = $ F I L E I D 3  F I L E I D 4 = $ F I L E I D 4  
F I L E I D A L L = $ F I L E I D A L L
#  G e n e r a t e  v e r i l o g  c o d e  f o r  e x p  t o  s b d  L U T  
$ C O M M A N D _ e x p t o s b d  / t m p / b i n . e x p . $ $
#  G e n e r a t e  2  d i g i t  s o r t  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s o r t 2
#  G e n e r a t e  s b d  d i f f e r e n c e  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s b d d i f f
#  G e n e r a t e  s b d  l i m i t e r  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ s b d l i m i t e r
#  G e n e r a t e  s b d  a d d / s u b  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ S b d a d d S U b
#  G e n e r a t e  v e r i l o g  c o d e  f o r  a d d i t i o n  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / a d d . $ $
#  G e n e r a t e  v e r i l o g  c o d e  f o r  s u b t r a c t i o n  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / s u b . $ $
#  G e n e r a t e  v e r i l o g  c o d e  f o r  s b d  t o  e x p  c o n v e r s i o n  R A L U T  
$ C O M M A N D _ r a l u t  / t m p / b i n . s b d . $ $
#  G e n e r a t e  s b d  a d d / s u b  c o d e  
$ C O M M A N D _ c a t  $ T E M P L A T E _ b i n a d d
#  R e m o v e  w o r k  f i l e s
$ C O M M A N D _ r m  - f  / t m p / b i n . e x p . $ $
$ C O M M A N D _ r m  - f  / t m p / b i n . s b d . $ $
$ C O M M A N D _ r m  - f  / t m p / a d d . $ $
$ C O M M A N D _ r m  - f  / t m p / s u b . $ $
$ C O M M A N D _ r m  - f  / t m p / p a r a m s a d d s u b . $ $
$ C O M M A N D _ r m  - f  / t m p / b i n . s a n e . $ $
B.3.5.2 TEMPLATE_addsub2digit.v
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b l ,
s 2 ,
3 2  ,
b 2 ,
f i n a l s ,  
f i n a l a ,  
f i n a l b
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
- - M A G I C - -  2
p a r a m e t e r  e x t r a f i r s t b a s e b i t s  =  0 ;
/ /  T h e  d r i v i n g  c l o c k  
i n p u t  C K ;
/ /  M o d e  ( 0 = a d d i t i o n ,  l = s u b t r a c t i o n )  
i n p u t  m ;
/ /  I n p u t  s i g n s
i n p u t  [  t w o b i t m o d e  : 0  ]  s i ,  s 2 ;
/ /  I n p u t  f i r s t  b a s e  i n d i c i e s
i n p u t  [  f i r s t b a s e b i t s  -  1  :  0  ]  a l ,  a 2  ;
/ /  I n p u t  s e c o n d  b a s e  i n d i c i e s
i n p u t  [  s e c o n d b a s e b i t s  -  1  :  0  ]  b l ,  b 2 ;
o u t p u t  [  t w o b i t m o d e  : 0  ]  f i n a l s ;
o u t p u t  [  f i r s t b a s e b i t s  +  e x t r a f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l a ;  
o u t p u t  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l b ;  
r e g  [  t w o b i t m o d e  :  0  ]  f i n a l s ;
r e g  [  f i r s t b a s e b i t s  +  e x t r a f i r s t b a s e b i t s  - 1 : 0 ]  f i n a l a ;  
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  f i n a l b ;
/ /  S t a g e  1 :  E X P  t o  S B D  c o n v e r s i o n
/ /  R e q u i r e s  L U T s ,  m a y b e  R O M s  o r  R A M s ,  o n e  o p e r a t i o n  o n l y
/ /  I n p u t  l a t c h e s  a r e  p r o v i d e d  b y  i n s t a n c i a t i n g  c o m p o n e n t
w i r e  r s l ,  r s 2 ;
w i r e  [  f i r s t b a s e b i t s  : 0  ]  r h l ,  r h 2 ;  
w i r e  [  s b d l o w b i t s  - 1 : 0 ]  r l l ,  r l 2 ;
/ /  C o n v e r t  f i r s t  o p e r a n d  i n t o  S B D  
e x p t o s b d _ % M A G I C a % _ n o c l k  
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
e x p f i r s t b a s e b i t s ,  
s b d l o w b i t s ,  
t w o b i t m o d e
)
e x p l
(
s i ,  
a l ,  
b l ,  
r s l ,
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r h l ,
r l l
)  ;
/ /  C o n v e r t  s e c o n d  o p e r a n d  i n t o  S B D ;  c h a n g e  s i g n  d e p e n d i n g  o n  o p e r a t i o n  
e x p t o s b d _ % M A G I C a % _ n o c l k  
# (
f i r s t b a s e b i t s ,  
s e c o n d b a s e b i t s ,  
e x p f i r s t b a s e b i t s ,  
s b d l o w b i t s ,  
t w o b i t m o d e
)
e x p 2
(
s 2  *  m ,  
a 2 ,  
b 2  ,  
r s 2 ,  
r h 2 ,  
r l 2
)  ;
/ /  S t a g e  2 :  S o r t  S B D  E l e m e n t s
/ /  N o  m e m o r y  e l e m e n t s  p r e s e n t ,  d o  a s  m u c h  a s  p o s s i b l e  
r e g  r s l _ l ,  r s 2 _ l ;
r e g  [  f i r s t b a s e b i t s  :  0  ]  r h l _ l ,  r h 2 _ l ;  
r e g  [  s b d l o w b i t s  - 1 : 0 ]  r l l _ l ,  r l 2 _ l ;
a l w a y s  @  ( p o s e d g e  C K )  
b e g i n
r s i ^ _ 1 < = r s l
r h l _ _ l <*= r h l
r l i _ _ 1 < = r l l
r s 2 _ _ 1 < = r s 2
r h 2 _ _ 1 < = r h 2
r l 2 1 < = r l 2
e n d
w i r e  s s l  ,  s s 2  ;
w i r e  [  f i r s t b a s e b i t s  :  0  ]  s h l ,  s h 2  ;  
w i r e  [  s b d l o w b i t s  - 1 : 0 ]  s l l ,  s l 2  ;  
w i r e  o p e r  ;
w i r e  [  f i r s t b a s e b i t s  + 1 : 0 ]  d i f h  ;  
w i r e  [  s b d h i g h b i t s l i m i t  - 1 : 0 ]  l i m h  ;  
w i r e  [  s b d l o w b i t s  - 1 : 0 ]  d i f l  ,  l i m l  ;
/ /  S o r t  t h e  t w o  d i g i t s  
s o r t 2  
# (
f i r s t b a s e b i t s  +  1 ,  
s b d l o w b i t s
)
s o r t
(
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r s l _ l ,  
r h l _ l ,  
r l l _ l ,  
r s 2 _ l ,  
r h 2 _ l ,  
r l 2 _ l ,  
s s l ,  
s h l ,  
s l l ,  
s s 2 ,  
s h 2 ,  
s l 2
)  ;
/ /  F i n d  t h e  S B D  d i f f e r e n c e  
s b d d i f f _ n o c l k  
# (
f i r s t b a s e b i t s  +  1 ,
s b d l o w b i t s ,
t o t a l
)
d i f f
(
s s l ,  
s h l ,  
s l l ,  
s s  2 ,  
s h 2 ,  
s l 2 ,  
o p e r ,  
d i f h ,  
d i f l  
)  ;
/ /  L i m i t  t h e  d i f f e r e n c e  t o  t h e  m a x i m u m  i n p u t  o f  t h e  a d d / s u b  t a b l e s  
s b d l i m i t e r _ n o c l k  
# (
f i r s t b a s e b i t s  +  2 ,  
s b d l o w b i t s ,  
s b d h i g h b i t s l i m i t
)
l i m i t
(
d i f h ,
d i f l ,
l i m h ,
l i m l
)  ;
/ /  S t a g e  3 :  L o o k u p  S B D  d i f f e r e n c e s  v i a  R A L U T  
/ /  C l o c k e d  l o o k u p ,  o n l y  o n e  o p e r a t i o n
r e g  s s l _ l  ;
r e g  [  f i r s t b a s e b i t s  :  0  ]  s h l _ l  ;  
r e g  [  s b d l o w b i t s  - 1 : 0 ]  s l l _ l  ;  
r e g  o p e r _ l  ;
r e g  [  s b d h i g h b i t s l i m i t  - 1 : 0 ]  l i m h _ l  ;  
r e g  [  s b d l o w b i t s  - 1 : 0 ]  l i m l _ l  ;
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a l w a y s  @  (  p o s e d g e  C K  ) 
b e g i n
s s l _ l  < =  s s l ;  
s h l _ l  < =  s h l ;
S l l _ l  < =  S l l ;
o p e r _ l  < =  o p e r ;
l i m h _ l  < =  l i m h ;  
l i m l _ l  < =  l i m l ;
e n d
w i r e  [  s b d l o w b i t s  - 1 : 0 ]  a d d o u t l o w ;  
w i r e  [ 0 : 0 ]  a d d o u t h i g h ;
/ /  I f  a d d i t i o n ,  u s e  a d d  R A L U T  
r a l u t 2 _ % M A G I C b % _ n o c l k  
a d d l u t  
(
a d d o u t h i g h ,
a d d o u t l o w ,
{ l i t n h _ l ,  l i m l _ l  }
/ /  ! o p e r _ l
)  ;
w i r e  [  s b d l o w b i t s  - 1 : 0 ]  s u b o u t l o w ;
w i r e  [ s b d h i g h b i t s l i m i t  - 1 : 0 ]  s u b o u t h i g h ;
/ /  I f  s u b t r a c t i o n ,  u s e  s u b  R A L U T  
r a l u t 2 _ % M A G I C c % _ n o e l k  
s u b l u t  
(
s u b o u t h i g h ,
s u b o u t l o w ,
{  l i m h _ l ,  l i m l _ l  }
/  /  o p e r _ l
)  ;
/ /  S t a g e  4 :  P r e p a r e  f o r  S B D  t o  E X P  R A L U T  
r e g  s s l _ 2  ;
r e g  [  f i r s t b a s e b i t s  :  0  ]  s h l _ 2  ;  
r e g  [  s b d l o w b i t s  - 1 : 0 ]  s l l _ 2  ;  
r e g  o p e r _ 2  ;
r e g  [  s b d l o w b i t s  - 1 : 0 ]  a d d o u t l o w _ l ;
r e g  [ 0 : 0 ]  a d d o u t h i g h _ l ;
r e g  [ s b d l o w b i t s  - 1 : 0 ]  s u b o u t l o w _ l ;
r e g  [  s b d h i g h b i t s l i m i t  - 1 : 0 ]  s u b o u t h i g h _ _ l ;
a l w a y s  @  (  p o s e d g e  C K  ) 
b e g i n
S S 1  2  < =  S S l _ l ;
S h l _ 2  < =  s h l  1 ;
S l l _ 2  < =  s l l _ l ;  
o p e r _ 2  < =  o p e r _ l ;
a d d o u t h i g h _ l  < =  a d d o u t h i g h ;
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a d d o u t l o w _ l  < =  a d d o u t l o w ;
s u b o u t h i g h _ l  < =  s u b o u t h i g h ;  
s u b o u t l o w _ l  < =  s u b o u t l o w ;
e n d
r e g  [  s b d l o w b i t s  - 1 : 0 ]  m u x o u t l o w ;
r e g  [  s b d h i g h b i t s l i m i t  - 1 : 0 ]  m u x o u t h i g h ;
a l w a y s  @  (  o p e r _ 2  o r  a d d o u t h i g h _ l  o r  a d d o u t l o w _ l  o r  
)
b e g i n
i f (  o p e r _ 2  )  
b e g i n
m u x o u t h i g h  < =  s u b o u t h i g h _ l ;  
m u x o u t l o w  < =  s u b o u t l o w _ l ;
e n d
e l s e
b e g i n
m u x o u t h i g h  < =  {  {  (  f i r s t b a s e b i t s  )  {  1 ' b O  }  }
m u x o u t l o w  < =  a d d o u t l o w _ l ;
e n d
e n d
w i r e  [  f i r s t b a s e b i t s  + 1 : 0 ]  f i n h ;  
w i r e  [  s b d l o w b i t s  - 1 : 0 ]  f i n l ;
/ /  A d d  t h e  t a b l e  o u t p u t  t o  t h e  l a r g e s t  S B D  v a l u e  
s b d a d d s u b _ n o c l k  
# (
f i r s t b a s e b i t s  +  1 ,  
s b d l o w b i t s ,  
t o t a l
)
a d d s u b
(
o p e r _ 2 ,  
s h l _ 2 ,  
s l l _ 2 ,
{  {  (  f i r s t b a s e b i t s  +  1  -  s b d h i g h b i t s l i m i t  )  {  
m u x o u t l o w ,  
f i n h ,  
f i n l  
)  ;
/ /  S t a g e  5 :  P e r f o r m  S B D  t o  E X P  c o n v e r s i o n
r e g  [  t w o b i t m o d e  : 0  ]  s s l _ 3 ;
r e g  [  f i r s t b a s e b i t s  + 1 : 0 ]  f i n h _ l ;
r e g  [  s b d l o w b i t s  - 1 : 0 ]  f i n l _ l ;
a l w a y s  @  (  p o s e d g e  C K  )
s u b o u t h i g h _ l  o r  s u b o u t l o w _ l
a d d o u t h i g h _ l  } ;
' b O  }  }  ,  m u x o u t h i g h  }  ,
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b e g i n
f i n l _ l  < =  f i n l ;  
f i n h _ l  < =  f i n h ;
i f (  t w o b i t m o d e  )  
b e g i n
i f  (  f i n l  > =  t o t a l  )  
b e g i n
s s l _ 3  < =  0 ;
e n d
e l s e
b e g i n
s s l _ 3  < =  {  s s l _ 2  ,  l ' b l  } ;
e n d
e n d
e l s e
b e g i n
s s l _ 3  < =  s s 1 _ 2 ;
e n d
e n d
w i r e  [  s b d f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t  ;  
w i r e  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t  ;
/ /  L o o k u p  S B D  v a l u e  i n  R A L U T  
r a l u t 2 _ % M A G I C d % _ n o c l k  
s b d l u t  
(
f i r s t o u t ,  
s e c o n d o u t ,  
f i n l _ l
)  ;
/ /  S t a g e  6 :  P r o c e s s  R A L U T  o u t p u t s  f o r  f i n a l  s o l u t i o n
r e g  [  t w o b i t m o d e  :  0  ]  s s l _ 4 ;  
r e g  [  s b d f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t _ l ;  
r e g  [  s e c o n d b a s e b i t s  - 1 : 0 ]  s e c o n d o u t _ l  ;  
r e g  [  f i r s t b a s e b i t s  + 1 : 0 ]  f i n h _ 2 ;
a l w a y s  @  (  p o s e d g e  C K  ) 
b e g i n
s s l _ 4  < =  s s 1 _ 3 ;  
f i n h _ 2  < =  f i n h _ l ;  
f i r s t o u t _ l  < =  f i r s t o u t ;  
s e c o n d o u t _ l  < =  s e c o n d o u t ;
e n d
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w i r e  [  f i r s t b a s e b i t s  +  e x t r a f i r s t b a s e b i t s  - 1 : 0 ]  f i r s t o u t _ 2 ;
/ /  A d d  b i n a r y  e x p o n e n t  
b i n a d d _ n o c l k  
# (
f i r s t b a s e b i t s  +  2 ,  
s b d f i r s t b a s e b i t s ,
f i r s t b a s e b i t s  +  e x t r a f i r s t b a s e b i t s
)
f i n a d d  
(
f i n h _ 2 ,  
f i r s t o u t _ l ,  
f i r s t o u t _ 2  
)  ;
/ /  S t a g e  7 :  L a t c h  a l l  o u t p u t s
a l w a y s  @  (  p o s e d g e  C K  )  
b e g i n
f i n a l s  < =  s s l  4 ;
f i n a l a  < =  f i r s t o u t _ 2 ;  
f i n a l b  < =  s e c o n d o u t _ l ;
e n d
e n d m o d u l e
B.3.6 Sample Output
The following is a sample of what is necessary to generate the addition/subtraction module 
Verilog code and how to simulate it.
B.3.6.1 Verilog Code Generation
For this sample, a parallel 2-digit adder/subtractor with base 0.75, 3 bits for the second 
index, no extra internal precision bits, and with a two-bit sign representation. The 
command used is which generated the file “myadder.v” which contains all the necessary 
code:
r a a k e a d d s u b 2 d i g i t . s h  0 . 7 5  3 3 0 - z  > m y a d d e r . v
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The following is the expected output from the above command:
R u n n i n g :  . / m a k e a d d s u b 2 d i g i t . s h  0 . 7 5  3  3  0  - z
R u n n i n g :  . / a d d s u b r e d u c e  0 . 7 5  3  - a s  0  - p p  / t m p  - p s  . 1 9 4 8 7  - z  - n v  - s s  - r t  8
R u n n i n g :  . / m a k e a d d s u b e x p t o s b d . s h  / t m p / b i n . e x p . 1 9 4 8 7
R u n n i n g :  . / m a k e l u t . s h  / t m p / b i n . e x p . 1 9 4 8 7
R u n n i n g :  . / m a k e r a l u t . s h  / t m p / a d d . 1 9 4 8 7
R u n n i n g :  . / m a k e r a l u t . s h  / t m p / s u b . 1 9 4 8 7
R u n n i n g :  . / m a k e r a l u t . s h  / t m p / b i n . s b d . 1 9 4  8 7
Again, the script shows only little information about the code generation. If there are 
messages regarding files not being found, an error has most likely occurred. The most 
common error is the base specification.
B.3.6.2 Verilog Simulation
The next step is to verify the code generated by simulating it with Verilog. Additional 
commands are used along with Verilog to ensure that the data being verified is valid. Only 
lines beginning with a “+” are passed and those without any DON’T-CARE conditions are 
passed to the verifier (A.3.2 "Verify" on page 403).
v e r i l o g  m y a d d e r . v  | g r e p  " A+" | g r e p  - v  " x "  |
c u t  - c 2 -  | v e r i f y  0 . 7 5  -am
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The following is the expected output from the Verilog simulator (the output is rotated so 
that it can be easily interpreted):
r o i n o O o o O o o O O o
r - ^ b o O o o O o o O O o
0 0 O f i n i n i n i n i n i n i n i n i n i n
i n ^ b CM CM CM CM CM CM CM CM CM CM
t—i i n 1 0 i n 1 0 1 0 l O l O 1 0 i n 1 0 i o
o o O o o o o o o o o o
i—t i—i r H t—i r H r H 1—1 r H r H r H r H H
r - in r - CO r - CO
IO cn r - cn IO rH 10 00
o in O CO in rH CO CM io in io CO
o r-» O CO IO in o 10 IO 00 »0 CO
o co O CO 10 CO <n io H 10
o rH L0 CD io rH CO CM 10 10 10
in CM CM O in o rH CO
r-~ ^b rH r - CM o CM IO O t~-
CM CM in CM rH cn
rH H CM o i 1 i i 1 1 i 1
CM
y—v CO
rH .— CO rH 1 rH CM
.—. l ro CO 1 I 1 rH
rH l 1 IO
CM „—. .—. 1 ^b sj* 10 rH
1 rH O O rH rH t
rH rH rH rH l rH — -
O rH rH 1 1 rH rH 1 t —- 1
— 1 1 — — — 00
t—I rH H rH ^b
— —- CO ID CO o CO o
CO O rH CM CO Is* CO o
CO O O r - CO r - cn CO CO CO h*
["■ O O io CO co c - i n CO o CO i>
r - o o 10 CO o o CM CO r - CO
r - o o IO CO t-* cn CO co rH
t> o o ID fO o i—t CO
L0 o IO rH r - H in in CM
CM CM ^b CO CM H 00 t -
rH rH CM o 1 1 1 i l 1 i 1
CM
s ,—,
,— .—. rH CO IO
rH .—. .__. i—( CO rH
1 rH rH rH O o
CO 00 rH rH H
,—. -—. .—„ in LO L0 I
rH ro CM i rH rH rH rH >—•
rH rH rH 1 1 1 1
O O rH rH 1 1 1 -—' ' ■—' '—' O
1 •—- -—- — ' o
rH rH rH — - o O O O o
"— O O O o o O o o
r * O o O o o o o o
O in O 10 o o o o o o o o
O C" o 10 o o o o o o o
o CO o rH o o o o o o o Tb
o rH in ^b o o o 10 00
L0 CM CM O CM CO 00 CM 00 rH
r - rH sb CM <T> o 10 CO 10
O CM rH CM rH rH r - ^b CO 10
o O rH 1 1 1 1 1 1 i t 1 O
CO
o o rH
o o 00 CM ID
o CM LO < 0 CO rb
o 1 CM in CO CO
o .—, 10 r - O CM
o CO .—« CO rH ^b O O
o .—. .—» co 1 rH 1 1 rH in n
o ,—. .—. .—. rH CO i 1 rH rH rH rH
o o O O rH 1 t IO 00 00 rH
o CO 10 ■*—■
o o o o O o CM rH rH i—1 u
o rH — ' rH ■—- -—' r H o
o r H r H r H r H r H r H — ' r H u u u
i n '' ' — • '—' in CO r H 0 0 Jh
t"- CO O CO r H CO r H u u w
O O O O CO r H in r - CO CO co r H Jh u
o o o o O CO 00 cn CO co rb CO r H w w 0)
o o o o CO ^b CM o CO r H CO 01
o o o o CO r H i o o CO 00 CO [•" JO r H CO
<D o o o in CO CO cn CO CM CO OS u B
10 o o o c - co r H 10 r H r H Vh 4-) <D (L)
CO in in o cn 0 0 > 4J
PQ r H r H r H o r H cn H r H 0 0 10 CO CM 5 Eh < H
The first output is the base of the system and the remaining output is the addend input 
combinations which caused the largest deviation. A new row is printed only when the
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error is larger than the previous row. The two columns of these rows are the input addends 
in decimal (MDLNS in brackets), the third is the generated sum in decimal (MDLNS in 
brackets), the forth column is the actual sum and the fifth column is the ratio of the 
generated to the actual. The file part of the output contains some statistical information 
(i.e., worst error, total error, average error and items processed).
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This appendix contains the layouts and software tools for both first 
and second generation RALUT designs which were covered in 
Chapter 5.
Preliminary RALUT Implementation
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C.l RALUT Building Blocks
The RALUT layout is a complex structure of hierarchical components designed to 
minimized hardware scaling work and time. The components to follow will generally 
show the facet view (hierarchical blocks labeled), if  they exist, and then the full view (all 
hierarchical blocks shown). Some of these components are parameterized to maximize 
flexibility.
C.1.1 CMOSP35 Layers
The following are a list of all of the layers used in the RALUT layout along with their 
graphical representation.
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; V : r ^  VIA12
METAL2 VIA23
METAL3
C .l.2 Common Components
There are several common, reusable components which are used throughout the RALUT 
design. These components are created only once but instantiated throughout other 
components. By using this hierarchical design methodology, the process o f scaling from 
this 0.35(Im technology to another will be simplified.
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C.l.2.1 Contact Cut (contact)
The “contact cut” cell is used to connect the ACTIVE region o f a transistor to METAL 1. It 
may also be used in part to connect POLY1 to METAL 1.
C.l.2.2 Poly to Metal 1 (poly)
The “poly” cell is used to connect POLY1 to METAL1. Additional POLY1 is applied to 
meet design rule specifications.
C. 1.2.3 Metal 1 to Metal 2 Via (vial2)
The “v ial2” cell is used to connect METAL1 to METAL2. The via itself is not large, 
however, the surrounding metal is needed to meet design rule specifications.
C.l.2.4 Metal 2 to Metal 3 Via (via23)
The “via23” cell is used to connect METAL2 to METAL3.
Preliminary RALUT Implementation RALUT Building Blocks
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
627
University o f  W indsor
C.l.2.5 Metal 1 to Metal 3 VIA (vial3)
The “vial 3” cell is used to connect METAL1 to METAL3 through METAL2. This is
simply a “v ia l2” cell on top of a “via23” cell. It is important to note that in some older
technologies is isn’t possible to overlap different metal VIAs.
xK s ^  ^
ii-n-
C.1.3 Basic Parameterized Cell (basic)
The RALUT is based on a single cell called “basic” . It is a parameterized cell which 
enables several features easily. The cell is designed to lie on a grid so that they can be 
overlapped. All connections from METAL 1 to METAL3 should be made on this grid. 
POLY connections will be slightly offset due to the limitations of the technology. The 
following facet view shows all the features. Some are: P-SUBSTRATE contacts, N- 
SUBSTRATE contacts, power and ground rails, and PPLUS and NPLUS for the P and N 
transistors, along with sizing for all of these component parts.
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C.l.3.1 Facet View
Conditional Inclusion of 
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C.l.3.2 Full View (all constructs viewable)
f n  i i  u | j ^ ^ U [ jx £ :
C.1.4 Single Poly, P-Transistor and N-Transistor 
Parameterized Cell (pcellpoly)
An extension to the “basic” cell is the single poly P/N transistor cell - “pcellpoly”. Along 
with the components o f the “basic” cell, “pcellpoly” includes a single poly connection on 
the right or left side of the connecting grid. The following facet view shows the features.
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C.l.4.1 Facet View
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C.l.4.2 Full View (all constructs viewable)
M W m zW m m
m B
C.l.4.3 Example View
This view shows the relationship between NSize, NWidth, Ground and PSize, PWidth and 
Power.
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C.1.5 Double Poly, P-Transistor and N-Transistor 
Parameterized Cell (pcell)
Similar to the “pcellpoly” cell, another cell was created, “pcell”, which includes separate 
poly connections to the P/N transistors. This is an important feature in memory design 
single the transistor connections are not necessarily complementary. The following facet 
view shows all the features.
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C.l.5.1 Facet View
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C.l.5.2 Full View (all constructs viewable)
S ^ P P P B S d l '-
•;- ' .̂̂(V iN̂-s.̂.,-I. s„
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C.2 First Generation RALUT
The layout o f the first generation RALUT is quite simple. A row is placed for each 
corresponding address given. Once a set number of rows is reached, a clock and address 
line buffer is inserted. On the last row, buffers are inserted and a pre-charge transistor is 
placed on the output lines. The following figure shows the placement of the cells. The 
“Gap” cells are used as fillers for the buffer rows in between the address compare/output 
bit rows.
1 A 2 A 2 A 3 D 0 D O
CB B 2G B 2G B 3G DG OG DG OG
1 A 2 A 2 A 3 D O D O
1 A 2 A 2 A 3 D O D 0
CB B 2G B 2G B 3G DG OG DG OG
Symbol Cell Name and Notes
B Address Decode Buffer (ra_buffer)
CB Clock Buffer (ra_clkbuffer)
A Address Decode (ra_rabit)
1 Beginning Address Decode Chain (ra_begin)
2 Middle Address Decode Chain (ra_lastbegin)
2G Middle Address Decode Chain Gap (ra_lastbegin_gap)
3 Ending Address Decode Chain (ra_final)
3G Ending Address Decode Chain Gap (ra_fmal__gap)
0 Output Bit (ra_bit)
OG Output Bit Gap (ra_bit_gap)
D Output Line Driver (ra_lindriver)
DG Output Line Driver Gap (ra_linedriver_gap)
Since the buffers are placed one after another (serially), the signals on the higher cells will 
be delayed based on the number o f buffer rows inserted. This is not the best
Preliminary RALUT Implementation First Generation RALUT
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
636
University o f  W indsor
implementation, but it is a starting point. The second generation RALUT corrects this 









C.2.1 Beginning Address Decode Chain (rajbegin) 
C.2.1.1 Facet View
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C.2.1.2 Full View
C.2.2 Row Address Comparator (ra_rabit) 
C.2.2.1 Facet View
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C.2.2.2 Facet View (One = 0)
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C.2.2.4 Facet View (One = 1)
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k v n
C.2.2.5 Full View (One = 1)
si2
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C.2.3 Middle Address Decode Chain (ra_lastbegin)
C.2.3.1 Facet View
University o f  Windsor
C.2.3.2 Full View
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C.2.4 Middle Address Decode Chain Component (ra_last2)
C.2.4.1 Facet View
C.2.4.2 Full View
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C.2.5 Middle Address Decode Chain Component (ra_begin2)
C.2.5.1 Facet View
C.2.5.2 Full View
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C.2.6 Ending Address Decode Chain (ra_final)
C.2.6.1 Facet View
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C.2.7 Ending Address Decode Chain Component (ra_latch)
C.2.7.1 Facet View
C.2.7.2 Full View
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C.2.8 Ending Address Decode Chain Component (ra_xor) 
C.2.8.1 Facet View
C.2.8.2 Full View
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C.2.10 Output Bit (ra_bit) 
C.2.10.1 Facet View
University o f  W indsor
C.2.10.2 Full View (One = 0)
w w l 1 !
l i l l
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C.2.10.3 Full View (One = 1)
C.2.11 Clock Buffer (ra_clkbuffer) 
C.2.11.1 Facet View
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C.2.11.3 Full View (Last = 1)
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C.2.12 Address Buffer (rajbuffer) 
C.2.12.1 Facet View
■" :
C.2.12.2 Full View (Last = 0)
1 »
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C.2.12.3 Full View (Last = 1)
C.2.13 Middle Address Decode Chain Gap (ra_lastbegin_gap) 
C.2.13.1 Facet View
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C.2.13.3 Full View (Last = 1)
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C.2.14 Ending Address Decode Chain Gap (ra_final_gap) 
C.2.14.1 Facet View
:
L  , ' '  '
C.2.14.2 Full View (Last = 0)
,/ / / , f t  r ,4 ft \  w /
C.2.14.3 Full View (Last = 1)
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C.2.15 Output Line Driver Gap (ra_linedriver_gap) 
C.2.15.1 Facet View
University o f  W indsor
C.2.15.2 Full View
■  S
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C.2.16 Output Pre-charge (ra_top) 
C.2.16.1 Facet View
University o f  Windsor
C.2.16.2 Full View (Precharge = 0)
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C.2.16.3 Full View (Precharge = 1)
C.2.17 Cadence Generating Code
The following SKILL code generates a first generation RALUT with the above 
components. This is preliminary code as the parameters are all preset, but they can be 
modified to be used as a fully featured Cadence extension.
This code can be executed with the following command in the Cadence Design 
Framework II (DFII) Environment:
l o a d ( " r a l . i l " )
Information about each cell is stored in the cellview and is accessed by the SKILL 
function. All cells have a “width” property set so that the generator knows how to advance 
the positioning pointer. Other global variables such as the target technology and pin layers 
are stored in the library properties (which can also be addressed by the same SKILL 
function). A sample of the libraries properties is shown in C.4 "Graphical SKILL Code 
Wrapper" on page 701.
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C.2.17.1 Cadence SKILL Code (ra2.il)
;  S p e c i f y  t h e  d e s t i n a t i o n  l i b r a r y  -  t h i s  s h o u l d  a l r e a d y  e x i s t  
l i b r a r y  =  " g e n e r a t e d "
;  S p e c i f y  t h e  d e s t i n a t i o n  c e l l v i e w  
b i t s _ c e l l v i e w  =  " r a l u t "
;  S p e c i f y  t h e  i n p u t  f i l e  c o n t a i n i n g  t h e  R A L U T  i m a g e  
t h e f i l e  =  " d a t a f i l e l "
;  T h e  n u m b e r  o f  o u t p u t  b i t s  b e t w e e n  w o r d l i n e  b u f f e r s  
b u f f e r s b e t w e e n o u t b i t s  =  6
;  T h e  n u m b e r  o f  r o w s  b e t w e e n  c l o c k / a d d r e s s  b u f f e r i n g  
r o w s b e t w e e n b u f f e r s  =  4
;  T h e  m a x i m u m  n u m b e r  o f  s i d e - b y - s i d e  a d d r e s s  c o m p a r e s  
m a x r a s e g m e n t  =  3
;  T h e  m a x i m u m  w i d t h  o f  t h e  N  t r a n s i s t o r s  
n s i z e  =  0 . 7
;  T h e  g e n e r a l  w i d t h  o f  t h e  N  t r a n s i s t o r s
;  I f  t h i s  d e s i g n  i s  t u n e d ,  t h e r e  m a y  b e  m o r e  o f  t h e s  v a r i a b l e s  
n w i d t h  =  0 . 7
;  T h e  m a x i m u m  w i d t h  o f  t h e  P  t r a n s i s t o r s  
p s i z e  =  1 . 0
;  T h e  g e n e r a l  w i d t h  o f  t h e  P  t r a n s i s t o r s
;  I f  t h i s  d e s i g n  i s  t u n e d ,  t h e r e  m a y  b e  m o r e  o f  t h e s  v a r i a b l e s  
p w i d t h  =  1 . 0
;  T h e  w i d t h  o f  t h e  p o w e r  r a i l s  
p o w e r  =  0 . 7
;  T h e  w i d t h  o f  t h e  g r o u n d  r a i l s  
g r o u n d  =  0 . 7
;  T h e  s o u r c e  l i b r a r y  c o n t a i n i n g  a l l  t h e  R A L U T  c e l l s  
s o u r c e _ l i b  =  " r a l u t _ s o u r c e "
;  G e t  a n  o b j e c t  i d  t o  t h e  l i b r a r y  i n  r e a d  m o d e  
s o u r c e _ i d  =  d d G e t O b j ( s o u r c e _ l i b  n i l  n i l  n i l  n i l  " r "  )
;  f i n d  t h e  s i z e  o f  t h e  r o w
v a d d  =  n s i z e  +  p s i z e  +  p o w e r  +  g r o u n d  +  s o u r c e _ i d  v e r t i c a l
;  d e f i n e  t h e  p i n  r e f e r e n c e s  
s o u r c e _ i o p i n  =  s o u r c e _ i d  ~ >  i o p i n  
s o u r c e _ p o w e r p i n  =  s o u r c e _ i d  ~ >  p o w e r p i n
;  d e f i n e  a l l  t h e  R A L U T  c e l l s
s o u r c e _ g a p  =  " r a _ g a p "
s o u r c e _ t o p  =  " r a _ t o p "
s o u r c e _ b u f f e r  =  " r a _ b u f f e r "
s o u r c e _ c l k b u f f e r  =  " r a _ c l k b u f f e r "
s o u r c e _ b i t  =  " r a _ b i t "
s o u r c e _ b i t _ b u f f e r  =  " r a _ l i n e d r i v e r "
s o u r c e _ b i t _ b u f f e r _ g a p  =  " r a _ l i n e d r i v e r _ g a p "
s o u r c e _ f i r s t  =  " r a _ b e g i n "
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s o u r c e _ c o m p a r e  =  " r a _ r a b i t "  
s o u r c e _ m i d d l e  =  " r a _ l a s t b e g i n "  
s o u r c e _ m i d d l e _ g a p  =  " r a _ l a s t b e g i n _ g a p "  
s o u r c e _ f i n a l  =  " r a _ f i n a l "  
s o u r c e _ f i n a l _ g a p  =  " r a _ f i n a l _ g a p "
;  O p e n  t h e  i n p u t  f i l e  
f i l e  =  i n f i l e (  t h e f i l e  )
;  P r o c e e d  o n l y  i f  t h e  f i l e  w a s  f o u n d  
i f (  f i l e  t h e n
;  R e a d  i n  t h e  n u m b e r  o f  r o w s ,  a d d r e s s  b i t s  a n d  o u t p u t  b i t s  
f s c a n f (  f i l e  " % d  % d  % d "  r o w s  c o m p a r e s  c o l u m n s  )
;  L e t  u s  k n o w
p r i n t f (  " R o w s :  % d ,  C o m p a r e s :  % d ,  C o l u m n s :  % d \ n "  r o w s ,  c o m p a r e s ,  c o l u m n s  )
;  C r e a t e  a  n e w  c e l l v i e w
b i t s _ w i n  =  d e N e w C e l l V i e w (  l i b r a r y  b i t s _ c e l l v i e w  " l a y o u t "  " m a s k L a y o u t "  n i l  )
;  O p e n  i t  u p  s o  w e  c a n  s e e  i t  b e i n g  b u i l t  
b i t s _ d b  =  g e G e t W i n d o w C e l l V i e w ( b i t s _ w i n  )
;  G e t  o b j e c t  i d s  f o r  a l l  t h e  s o u r c e  c e l l s  ( r e a d  o n l y )
r a _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ g a p  " l a y o u t "  n i l  " r "  )  
r a _ t o p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ t o p  " l a y o u t "  n i l  " r "  )  
r a _ f i r s t  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ f i r s t  " l a y o u t "  n i l  " r "  ) 
r a _ c o m p a r e  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ c o m p a r e  " l a y o u t "  n i l  " r "
)
r a _ m i d d l e  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ m i d d l e  " l a y o u t "  n i l  " r "  ) 
r a _ m i d d l e _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ m i d d l e _ g a p  " l a y o u t "  
n i l  ” r "  )
r a _ f i n a l  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ f i n a l  " l a y o u t "  n i l  " r "  ) 
r a _ f i n a l _ g a p  =  d b O p e n C e l l V i e w B y T y p e ( s o u r c e _ l i b  s o u r c e _ f i n a l _ g a p  " l a y o u t "  n i l
» r "  )
r a _ b u f f e r  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b u f f e r  " l a y o u t "  n i l  " r "  ) 
r a _ c l k b u f f e r  =  d b O p e n C e l l V i e w B y T y p e ( s o u r c e _ l i b  s o u r c e _ c l k b u f f e r  " l a y o u t "  n i l  
" r "  )
i o _ p i n  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ i d  ~ >  t e c h L i b N a m e  s o u r c e _ i o p i n  
" s y m b o l i c "  n i l  " r "  ) 
p o w e r _ p i n  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ i d  ~ >  t e c h L i b N a m e  s o u r c e _ p o w e r p i n  
" s y m b o l i c "  n i l  " r "  )
b i t  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b i t  " l a y o u t "  n i l  " r "  )  
b u f f e r  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b i t _ b u f f e r  " l a y o u t "  n i l  " r "  ) 
b u f f e r _ g a p  =  d b O p e n C e l l V i e w B y T y p e ( s o u r c e _ l i b  s o u r c e _ b i t _ b u f f e r _ g a p  " l a y o u t "  
n i l  " r "  )
;  G e n e r a t e  a  g e n e r i c  p a r a m e t e r  l i s t  w h i c h  w i l l  b e  u s e d  f o r  m o s t  c e l l s
p a r a m s  =  l i s t (  l i s t (  " N W i d t h "  " f l o a t "  n w i d t h  )  l i s t  (  " P W i d t h "  " f l o a t "  p w i d t h  )  
l i s t (  " G r o u n d "  " f l o a t "  g r o u n d  )  l i s t  (  " P o w e r "  " f l o a t "  p o w e r  )  l i s t  (  " N S i z e "  
" f l o a t "  n s i z e  )  l i s t  (  " P S i z e "  " f l o a t "  p s i z e  )  )
;  I N A M E  i s  t h e  i n s t a n c e  n a m e  -  a l l  i n s t a n c e s  m u s t  b e  u n i q u e  
i n a m e  =  " "
;  I n i t i a l i z e  t h e  y  p o s i t i o n
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y p o s  =  0
;  I n i t i a l i z e  t h e  i n s t a n c e  c o u n t e r  
i c o u n t  =  0
;  I n i t i a l i z e  t h e  r o w  c o u n t e r  
j  =  r o w s  -  1
;  P r o c e s s  t h e  r o w s  w i t h  a  w h i l e  l o o p  
w h i l e (  (  j  > =  0  )
;  R e a d  i n  a  w o r d  f r o m  t h e  i n p u t  f i l e  -  a d d r e s s  c o m p a r e s
f s c a n f (  f i l e  " % s "  p a t t e r n  )
;  S h o w  t h e m  t o  u s
p r i n t f (  " C o m p a r e  % d :  % s \ n " ,  j ,  p a t t e r n  )
;  I n i t i a l i z e  t h e  x  p o s i t i o n  -  w e  a l w a y s  s t a r t  a t  0
x p o s  =  0
;  G e n e r a t e  a n  i n s t a n c e  n a m e  -  I n  -  N o t  c o m m e n t e d  a g a i n  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
;  P l a c e  a  r e f e r e n c e  t o  t h e  c o m p a r e  c h a i n  b e g i n n i n g  c i r c u i t  w i t h  s t a n d a r d  
r o t a t i o n  a n d  d e f a u l t  p a r a m e t e r s  -  n o t  c o m m e n t e d  a g a i n
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ f i r s t  i n a m e  l i s t (  x p o s  y p o s  )  " R O "  1  p a r a m s  )
;  A d d  t h e  n e c e s s a r y  s p a c i n g  t o  t h e  x  p o s i t i o n  -  t h i s  i s  a  p r o p e r t y  o f  t h e  
c e l l v i e w  -  n o t  c o m m e n t e d  a g a i n  
x p o s  =  x p o s  +  r a _ f i r s t  ~ >  w i d t h
;  O n  t h e  l a s t  r o w  . . .  
i f (  (  j  = =  0  )  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
;  P l a c e  t h e  p o w e r  p i n
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  p o w e r _ p i n  i n a m e  l i s t (  x p o s  y p o s  +  (  r a _ f i r s t  
~ >  p o w e r  +  p o w e r  )  )  " R O "  1  )
;  C r e a t e  a  p o w e r  n e t
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  " v d d "  )
;  S e t  t h e  t e r m i n a l  d i r e c t i o n
i t e r m  =  d b C r e a t e T e r m ( i n e t  " "  " i n p u t O u t p u t "  )
;  A s s o c i a t e  t h e  i n s t a n c e  w i t h  t h e  n e t  a n d  t e r m i n a l  
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  )
;  C r e a t e  t h e  p i n
d b C r e a t e P i n (  i n e t  i i n s t  " v d d "  )
;  D o  t h e  s a m e  f o r  t h e  g r o u n d  p i n  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  p o w e r _ p i n  i n a m e  l i s t (  x p o s  y p o s  -  (  r a _ f i r s t  
~ >  p o w e r  +  g r o u n d  )  )  " R O "  1  )
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  " g n d "  )
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " i n p u t O u t p u t "  )
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  )
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d b C r e a t e P i n (  i n e t  i i n s t  " g n d "  )
)
;  L o o p  t h r o u g h  a l l  t h e  a d d r e s s  c o m p a r e s  
f o r (  i  1  c o m p a r e s
;  C h e c k  t h e  s t a t e  o f  t h e  a d d r e s s  -  e i t h e r  a  o n e  o r  a  z e r o  
b  =  s u b s t r i n g (  p a t t e r n ,  i ,  1  )
;  I f  i t  i s  a  " 1 " ,  s e t  o u r  p a r a m e t e r  t o  t r u e ,  e l s e  f a l s e
i f (  (  b  = =  " 1 "  )  t h e n  v a l  =  t  e l s e  v a l  =  n i l  )
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
;  P l a c e  a n  i n s t a n c e  w i t h  a n  a d d i t i o n  p a r a m e t e r
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ c o m p a r e  i n a m e  l i s t (  x p o s  y p o s  )  " R O "  1  
a p p e n d l (  p a r a m s  l i s t (  " O n e "  " B o o l e a n "  v a l  )  )  )  
x p o s  =  x p o s  +  r a _ c o m p a r e  ~ >  w i d t h
;  C h e c k  i f  w e  n e e d  t o  a d d  a  c o m p a r e  c h a i n  e x t e n d e r
i f (  (  i  ! =  c o m p a r e s  )  & &  (  m o d (  c o m p a r e s  -  i ,  m a x r a s e g m e n t  )  = =  0  )  t h e n
;  Y e s ,  a d d  i t
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ m i d d l e  i n a m e  l i s t (  x p o s  y p o s  )  " R O "  1  
p a r a m s  )
x p o s  =  x p o s  +  r a _ m i d d l e  ~ >  w i d t h
)
)
;  A d d  t h e  f i n a l  p o r t i o n  o f  t h e  c h a i n  
s p r i n t f !  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t !  b i t s _ d b  r a _ f i n a l  i n a m e  l i s t !  x p o s  y p o s  )  " R O "  1  a p p e n d l !  
a p p e n d l !  p a r a m s  l i s t !  " F i r s t "  " B o o l e a n "  j  = =  r o w s  -  1  )  )  l i s t !  " L a s t "
" B o o l e a n "  j  = =  0  )  )  )
x p o s  =  x p o s  +  r a _ f i n a l  w i d t h
;  R e a d  i n  t h e  o u t p u t  p a t t e r n s  
f s c a n f !  f i l e  " % s "  p a t t e r n  )
;  S h o w  t h e m  t o  u s
p r i n t f (  " C o l u m n  % d :  % s \ n " ,  j ,  p a t t e r n  )
;  L o o p  t h r o u g h  a l l  t h e  o u t p u t  b i t s  
f o r !  i  0  (  c o l u m n s  -  1  )
;  C h e c k  t o  s e e  i f  w e  n e e d  a n o t h e r  l i n e  d r i v e r  
i f (  (  m o d !  i ,  b u f f e r s b e t w e e n o u t b i t s  )  = =  0  )  t h e n
;  Y e s ,  p l a c e  i t
s p r i n t f !  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t !  b i t s _ d b  b u f f e r  i n a m e  l i s t !  x p o s  y p o s  )  " R O "  1  p a r a m s
)
x p o s  =  x p o s  +  b u f f e r  ~ >  w i d t h
)
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;  C h e c k  t h e  b i t  p a t t e r n  
b  =  s u b s t r i n g (  p a t t e r n ,  i  +  1 ,  1  )
;  P l a c e  t h e  o u t p u t  b i t  i n s t a n c e  w i t h  t h e  c o r r e c t  p a r a m e t e r
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b i t  i n a m e  l i s t (  x p o s  y p o s  )  " R O "  1  a p p e n d l (
p a r a m s  l i s t  (  " O n e "  " B o o l e a n "  b  = =  " 1 "  )  )  )
x p o s  =  x p o s  +  b i t  ~ >  w i d t h
;  M o v e  t o  t h e  n e x t  r o w  
y p o s  =  y p o s  -  v a d d
;  C h e c k  i f  w e  a r e  i n  a  b u f f e r  r o w
i f (  (  m o d (  j ,  r o w s b e t w e e n b u f f e r s  )  = =  0  )  t h e n
;  R e s e t  t h e  x  p o s i t i o n  
x p o s  =  0
,- P l a c e  t h e  c l o c k  b u f f e r ,  e x t e n d  i t  f o r  t h e  p r e c h a r g e s  o n  t h e  l a s t  r o w  
s p r i n t f (  i n a m e ,  " l % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ c l k b u f f e r  i n a m e  l i s t  (  x p o s  y p o s  )  " R O "  1  
a p p e n d l (  p a r a m s  l i s t  (  " L a s t "  " B o o l e a n "  j  = =  0  )  )  )
x p o s  =  x p o s  +  r a _ c l k b u f f e r  ~ >  w i d t h
;  P l a c e  b u f f e r s  f o r  a d d r e s s  l i n e s  
f o r (  i  1  c o m p a r e s
;  I f  o n  t h e  l a s t  r o w ,  i n s e r t  i n p u t  p i n s  f o r  a d d r e s s  l i n e s  
i f (  (  j  = =  0  )  t h e n
s p r i n t f (  t n a m e ,  " i < % d > " ,  c o m p a r e s  -  i  )  
s p r i n t f (  i n a m e ,  ” I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t  (  x p o s  +  r a _ b u f f e r  
p i n o f f s e t  y p o s  -  (  r a _ f i r s t  ~ >  p o w e r  +  g r o u n d  )  )  " R O "  1  ) 
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  )  
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " i n p u t "  )  
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  ) 
d b C r e a t e P i n (  i n e t  i i n s t  t n a m e  )
)
;  P l a c e  a d d r e s s  b u f f e r
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ b u f f e r  i n a m e  l i s t (  x p o s  y p o s  )  " R O "  1  
a p p e n d l (  p a r a m s  l i s t  (  " L a s t "  " B o o l e a n "  j  = =  0  )  )  )
x p o s  =  x p o s  +  r a _ b u f f e r  ~ >  w i d t h
;  P l a c e  m i d d l e  a d d r e s s  c o m p a r e  c h a i n  g a p  i f  n e c e s s a r y
i f (  (  i  ! =  c o m p a r e s  )  & &  (  m o d (  c o m p a r e s  -  i ,  m a x r a s e g m e n t  )  = =  0  )
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ m i d d l e _ g a p  i n a m e  l i s t  (  x p o s  y p o s  )  "  
1  a p p e n d l (  p a r a m s  l i s t  (  " L a s t "  " B o o l e a n "  j  = =  0  )  )  )
x p o s  =  x p o s  +  r a _ m i d d l e _ g a p  ~ >  w i d t h
t h e n
RO"
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)
;  P l a c e  a d d r e s s  c o m p a r e  f i n a l  g a p  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ f i n a l _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  " R O "  
a p p e n d l (  p a r a m s  l i s t (  " L a s t "  " B o o l e a n "  j  = =  0  )  )  ) 
x p o s  =  x p o s  +  r a _ f i n a l _ g a p  ~ >  w i d t h
;  P l a c e  o u t p u t  b i t  g a p s  
f o r (  i  0  (  c o l u m n s  -  1  )
;  D o  w e  n e e d  a  l i n e  d r i v e r  g a p ?
i f (  (  m o d (  i ,  b u f f e r s b e t w e e n o u t b i t s  )  = =  0  )  t h e n
;  U s e  a n  a c t u a l  d r i v e  o n  t h e  p r e - c h a r g e  r o w  
i f f  (  j  = =  0  )  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b u f f e r  i n a m e  l i s t f  x p o s  y p o s  )  " R O "
p a r a m s  )
x p o s  =  x p o s  +  b u f f e r  ~ >  w i d t h  
e l s e
;  G a p  o n  a n y  o t h e r  b l a n k  r o w  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b u f f e r _ g a p  i n a m e  l i s t f  x p o s  y p o s  ) '
p a r a m s  )
x p o s  =  x p o s  +  b u f f e r _ g a p  ~ >  w i d t h
)
)
;  O n  t h e  l a s t  r o w  p l a c e  t h e  o u t p u t  p i n s  
i f f  (  j  = =  0  )  t h e n
s p r i n t f (  t n a m e ,  " o < % d > " ,  c o l u m n s  -  1  -  i  ) 
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t f  x p o s  +  r a _ t o p  -  
p i n o f f s e t  y p o s  )  " R O "  1  )
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  )  
i t e r m  =  d b C r e a t e T e r m ( i n e t  " "  " o u t p u t "  ) 
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  ) 
d b C r e a t e P i n  (  i n e t  i i n s t  t n a m e  )
)
;  P l a c e  t h e  o u t p u t  b i t  g a p s ,  o n  t h e  l a s t  r o w  e n a b l e  t h e  p r e c h a r g e  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ t o p  i n a m e  l i s t f  x p o s  y p o s  )  " R O "  1  
a p p e n d l (  p a r a m s  l i s t f  " P r e c h a r g e "  " B o o l e a n "  j  = =  0  )  )  )
x p o s  =  x p o s  +  r a _ t o p  ~ >  w i d t h
1
RO" 1
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;  M o v e  t o  n e x t  r o w  
y p o s  =  y p o s  -  v a d d
U p d a t e  t h e  r o w  c o u n t e r
)
;  S a v e  o u r  d e s i g n  
d b S a v e (  b i t s  d b  )
;  C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e
a l l  s u p p o r t i n g  v i e w s  
b i t  )  
b u f f e r  )  
b u f f e r _ g a p  )  
i o j p i n  )  
p o w e r _ p i n  )  
r a _ g a p  )  
r a _ t o p  )  
r a _ c l k b u f f e r  ) 
r a _ b u f f e r  )  
r a _ f i r s t  ) 
r a _ m i d d l e  )  
r a _ m i d d l e _ g a p  )  
r a _ f  i n a l  ) 
r a _ f i n a l _ g a p  ) 
r a _ c o m p a r e  )
;  C l o s e  t h e  i n p u t  f i l e  
c l o s e (  f i l e  )
C.2.18 Example
The SKILL code above is hard coded to read “datafile 1”. The following is a sample file 
along with the generated facet and full layout views.
C.2.18.1 Input File (datafilel)
9  9  2 0
0 0 0 0 0 0 0 0 0  0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0  
0 0 0 1 0 0 0 0 0  0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0  
0 0 1 0 0 1 1 1 1  0 1 0 0 1 0 1 1 1 1 0 0 0 1 1 1 0 1 0 1  
0 1 0 0 0 0 1 0 0  0 1 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 1 1 1  
0 1 1 0 1 0 1 0 1  0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1  
1 0 0 0 1 0 1 0 0  0 1 1 0 0 1 0 1 0 0 1 0 1 0 0 0 0 1 0 0  
1 0 1 0 0 0 1 0 0  0 1 1 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1  
1 0 1 1 1 0 1 1 1  0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 0 1 1 1 0  
1 1 1 0 0 0 1 1 1  1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
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C.2.18.2 Facet View (rotated)
j ; q ' ;
UOUi -f.-J T.'.:
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C.2.18.3 Full View (rotated)
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C.3 Second Generation RALUT
The layout of the second generation RALUT is slightly more complicated to the first as it 
includes a more scalable clock/address signal buffering system as well as overlapping 
power and ground rails. In order to eliminate the XOR between the adjacent rows and the 
latch (to avoid mis-fired or transient word lines) both the “less-than” and “greater-than” 
are computer per row. This increases the cell sizes but eliminates the transients. The 
following figure shows the placement of the cells. The “Gap” cells are used as fillers for 
the buffer rows in between the address compare/output bit rows.
BG 1 AG A 2 AG A 2 AG A 3 O D O
BG CB BG B/L 2G BG B/L 2G BG B/L 3G OG DG OG
BG 1 AG A 2 AG A 2 AG A 3 O D 0
BG 1 AG A 2 AG A 2 AG A 3 O D O
BG CB BG B/L 2G BG B/L 2G BG B/L 3G OG DG OG
BG 1 AG A 2 AG A 2 AG A 3 O D O
BG 1 AG A 2 AG A 2 AG A 3 O D O
BG CB BG B/L 2G BG B/L 2G BG B/L 3G OG DG OG
BG 1 AG A 2 AG A 2 AG A 3 O D O
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Symbol Cell Name and Notes
B Address Decode Buffer (ra_dbuffer)
BG Address Decode Buffer Gap (ra_dbuffer_gap)
L Large Address Decode Buffer (ra_dlargebuffer)
CB Clock Buffer (ra_dclkbuffer)
A Address Decode (ra_drabit)
AG Address Decode Gap (ra_drabit_gap)
1 Beginning Address Decode Chain (ra_dbegin)
2 Middle Address Decode Chain (ra_dmiddle)
2G Middle Address Decode Chain Gap (ra_dmiddle_gap)
3 Ending Address Decode Chain (ra_dfinal)
3G Ending Address Decode Chain Gap (ra_dfmal_gap)
0 Output Bit (ra_dbit)
OG Output Bit Gap (ra_dbit_gap)
D Output Line Driver (ra_dlindriver)
DG Output Line Driver Gap (ra_dlinedriver_gap)
Unlike the first generation RALUT implementation, the buffers are distributed in a binary 
tree fashion (see below). Since the number o f RALUT entries are not guaranteed to be a 
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C.3.2 Beginning Address Decode Chain (ra_dbegin) 
C.3.2.1 Facet View
C.3.2.2 Full View
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C.3.3.1 Facet View
University o f  Windsor
C.3.3.2 FuU View (One = 0)
T\nn.Tvy/
vXi-ZV.
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C.3.3.3 Full View (One = 1)
?$&>(<&>&>!>
C.3.4 Middle Address Decode Chain (ra_dmiddle) 
C.3.4.1 Facet View
C.3.4.2 Full View
* i i p  / # » ® m  4 ;  M M
<  «  i  >  ■  f  i  >  >  «  .  i  «  i  v  i  i  i  a
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C.3.6 Middle Address Decode Chain Component (ra_dbegin2)
C.3.6.1 Facet View
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C.3.7 End Address Decode Chain (ra_dfinal) 
C.3.7.1 Facet View
C.3.7.2 Full View (Even = 0, Last = 0, First = 0)
mm
m. ■  m \
!  *  *
i
’ P i p * *
  !"-................. M«.r.:.n..,+................ •'■•' ™M.t..:tw - lW.vJfi,v.v MSw.W
X *
Ii m m
m W s a s m b  x m h  n a f t a i ?
C.3.7.3 Full View (Even = 0, Last = 0, First = 1)
l o i i o i i
W p




C.3.7.4 Full View (Even = 0, Last = 1, First = 0)
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C.3.7.5 Full View (Even = 1, Last = 0, First = 0)
C.3.7.6 Full View (Even = 1, Last = 0, First = 1)
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C.3.8 Row Output Bit (ra_dbits) 
C.3.8.1 Facet View
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C.3.8.2 Full View (One = 0)
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C.3.8.3 Full View (One = 1)
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C.3.9 Output Line Driver (ra_dlinedriver) 
C.3.9.1 Facet View
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C.3.9.2 Full View
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C.3.10 General Buffer Gap (ra_dbuffer_gap) 
C.3.10.1 Facet View
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C.3.10.2 Full View
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C.3.11.2 Full View
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C.3.12 Large Buffer (ra_dlargebuffer) 
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C.3.12.2 Full View
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C.3.13 Row Address Comparitors Gap (ra_drabit_gap) 
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C.3.14.1 Facet View
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C.3.15 Row End Block Gap (ra_dfinal_gap)
C.3.15.1 Facet View
C.3.15.2 Full View (Last = 0)
C.3.15.3 Full View (Last = 1)
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C.3.16 Output Line Driver Gap (ra_dlinedriver_gap) 
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C.3.17 Row Output Bit Gap (ra_dbit_gap) 
C.3.17.1 Facet View
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C.3.17.3 Full View (Last = 1)
E S I i l S s S ! :
C.3.18 Cadence Generating Code
The following SKILL code generates a second generation RALUT with the above 
components. Just as the first generation code, this is preliminary as the parameters are all 
preset, but they can be modified to be used as a fully featured Cadence extension.
This code can be executed with the following command in the Cadence Design 
Framework II (DFII) Environment:
l o a d ( " r a 2 . i 1 " )
C.3.18.1 Cadence SKILL Code (ra2.il)
;  M o r e  s p e c i f i c  c o m m e n t s  c a n  b e  f o u n d  i n  f i r s t  g e n e r a t i o n  R A L U T  g e n e r a t o r
;  S p e c i f y  t h e  d e s t i n a t i o n  l i b r a r y  -  t h i s  s h o u l d  a l r e a d y  e x i s t  
l i b r a r y  =  " g e n e r a t e d "
;  S p e c i f y  t h e  d e s t i n a t i o n  c e l l v i e w  
b i t s _ c e l l v i e w  =  " r a l u t "
;  S p e c i f y  t h e  i n p u t  f i l e  c o n t a i n i n g  t h e  R A L U T  i m a g e  
t h e f i l e  =  " d a t a f i l e 2 "
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;  T h e  n u m b e r  o f  o u t p u t  b i t s  b e t w e e n  w o r d l i n e  b u f f e r s  
b u f f e r s b e t w e e n o u t b i t s  =  6
;  T h e  n u m b e r  o f  r o w s  ( c l o c k / a d d r e s s )  t o  b e  b u f f e r e d  b y  o n e  b u f f e r  
r o w s p e r s e g m a x  =  8
;  T h e  m a x i m u m  n u m b e r  o f  s i d e - b y - s i d e  a d d r e s s  c o m p a r e s  
m a x r a s e g m e n t  =  3
;  T h e  m a x i m u m  w i d t h  o f  t h e  N  t r a n s i s t o r s  
n s i z e  =  0 . 7
;  T h e  g e n e r a l  w i d t h  o f  t h e  N  t r a n s i s t o r s
;  I f  t h i s  d e s i g n  i s  t u n e d ,  t h e r e  m a y  b e  m o r e  o f  t h e s  v a r i a b l e s  
n w i d t h  =  0 . 7
;  T h e  m a x i m u m  w i d t h  o f  t h e  P  t r a n s i s t o r s  
p s i z e  =  1 . 0
;  T h e  g e n e r a l  w i d t h  o f  t h e  P  t r a n s i s t o r s
;  I f  t h i s  d e s i g n  i s  t u n e d ,  t h e r e  m a y  b e  m o r e  o f  t h e s  v a r i a b l e s  
p w i d t h  =  1 . 0
;  T h e  w i d t h  o f  t h e  p o w e r  r a i l s  
p o w e r  =  0 . 7
;  T h e  w i d t h  o f  t h e  g r o u n d  r a i l s  
g r o u n d  =  0 . 7
;  T h e  s o u r c e  l i b r a r y  c o n t a i n i n g  a l l  t h e  R A L U T  c e l l s  
s o u r c e _ l i b  =  " r a l u t _ s o u r c e "
;  G e t  a n  o b j e c t  i d  t o  t h e  l i b r a r y  i n  r e a d  m o d e  
s o u r c e _ i d  =  d d G e t O b j (  s o u r c e _ l i b  n i l  n i l  n i l  n i l  ” r "  )
;  F i n d  t h e  s i z e  o f  t h e  e v e n  r o w
v a d d e v e n  =  (  n s i z e  +  g r o u n d  )  *  2  +  s o u r c e _ i d  ~ >  v e r t i c a l  -  0 . 7  *  2
;  F i n d  t h e  s i z e  o f  t h e  o d d  r o w
v a d d o d d  =  (  p s i z e  +  p o w e r  )  *  2  +  s o u r c e _ i d  ~ >  v e r t i c a l  -  0 . 7  *  2
;  d e f i n e  t h e  p i n  r e f e r e n c e s  
s o u r c e _ i o p i n  =  s o u r c e _ i d  i o p i n  
s o u r c e _ p o w e r p i n  =  s o u r c e _ i d  ~ >  p o w e r p i n
;  d e f i n e  a l l  t h e  R A L U T  c e l l s
s o u r c e _ g a p  =  " r a _ g a p "
s o u r c e _ t o p  =  " r a _ t o p "
s o u r c e _ _ b u f  f  e r  =  " r a _ d b u f f e r "
s o u r c e _ b u f f e r _ g a p  =  " r a _ d b u f f e r _ g a p "
s o u r c e _ l b u f f e r  =  " r a _ d l a r g e b u f f e r "
s o u r c e _ c l k b u f f e r  =  " r a _ d c l k b u f f e r "
s o u r c e _ _ b i t  =  " r a _ d b i t "
s o u r c e _ _ b i t _ g a p  =  " r a _ d b i t _ g a p "
s o u r c e _ _ b i t _ b u f  f  e r  =  " r a _ l i n e d r i v e r "
s o u r c e _ b i t _ b u f f e r _ g a p  =  " r a _ l i n e d r i v e r _ g a p "
s o u r c e _ f i r s t  =  " r a _ d b e g i n "
s o u r c e _ c o m p a r e  =  " r a _ d r a b i t "
s o u r c e _ c o m p a r e _ g a p  =  " r a _ d r a b i t _ g a p "
s o u r c e  m i d d l e  =  “ r a  d m i d d l e "
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s o u r c e _ m i d d l e _ g a p  =  " r a _ d m i d d l e _ g a p "  
s o u r c e _ f i n a l  =  " r a _ d f i n a l "  
s o u r c e _ f i n a l _ g a p  =  " r a _ d f i n a l _ g a p "
;  O p e n  t h e  i n p u t  f i l e  
f i l e  =  i n f i l e (  t h e f i l e  )
;  P r o c e e d  o n l y  i f  t h e  f i l e  w a s  f o u n d  
i f (  f i l e  t h e n
;  R e a d  i n  t h e  n u m b e r  o f  r o w s ,  a d d r e s s  b i t s  a n d  o u t p u t  b i t s  
f s c a n f (  f i l e  " % d  % d  % d "  r o w s  c o m p a r e s  c o l u m n s  )
;  L e t  u s  k n o w
p r i n t f  (  " R o w s :  % d ,  C o m p a r e s :  % d ,  C o l u m n s :  % d \ n "  r o w s ,  c o m p a r e s ,  c o l u m n s  )
;  C r e a t e  a  n e w  c e l l v i e w
b i t s _ w i n  =  d e N e w C e l l V i e w (  l i b r a r y  b i t s _ c e l l v i e w  " l a y o u t "  " m a s k L a y o u t "  n i l  )
;  O p e n  i t  u p  s o  w e  c a n  s e e  i t  b e i n g  b u i l t  
b i t s _ d b  =  g e G e t W i n d o w C e l l V i e w (  b i t s _ w i n  )
;  G e t  o b j e c t  i d s  f o r  a l l  t h e  s o u r c e  c e l l s  ( r e a d  o n l y )
r a _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ g a p  " l a y o u t "  n i l  " r "  )  
r a _ t o p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ t o p  " l a y o u t "  n i l  ” r "  )  
r a _ f i r s t  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ f i r s t  " l a y o u t "  n i l  " r "  )  
r a _ c o m p a r e  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ c o m p a r e  " l a y o u t "  n i l  " r "
)
r a _ c o m p a r e _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ c o m p a r e _ g a p  " l a y o u t "  
n i l  " r "  )
r a _ m i d d l e  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ m i d d l e  " l a y o u t "  n i l  " r "  )  
r a _ m i d d l e _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ m i d d l e _ g a p  " l a y o u t "  
n i l  " r "  )
r a _ f i n a l  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ f i n a l  " l a y o u t "  n i l  " r "  )  
r a _ f i n a l _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ f i n a l _ g a p  " l a y o u t "  n i l
" r »  )
r a _ b u f f e r  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b u f f e r  " l a y o u t "  n i l  " r "  )  
r a _ b u f f e r _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b u f f e r _ g a p  " l a y o u t "  
n i l  " r "  )
r a _ l b u f f e r  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ l b u f f e r  " l a y o u t "  n i l  " r "
)
r a _ c l k b u f f e r  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ c l k b u f f e r  " l a y o u t "  n i l
» r »  )
i o _ p i n  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ i d  ~ >  t e c h L i b M a m e  s o u r c e _ i o p i n  
" s y m b o l i c "  n i l  " r "  )  
p o w e r _ p i n  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ i d  ~ >  t e c h L i b N a m e  s o u r c e _ p o w e r p i n  
" s y m b o l i c "  n i l  " r "  )
b i t  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b i t  " l a y o u t "  n i l  " r "  )  
b i t _ g a p  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b i t _ g a p  " l a y o u t "  n i l  " r "  )  
b u f f e r  =  d b O p e n C e l l V i e w B y T y p e (  s o u r c e _ l i b  s o u r c e _ b i t _ b u f f e r  " l a y o u t "  n i l  " r "  )  
b u f f e r _ g a p  =  d b O p e n C e l l V i e w B y T y p e ( s o u r c e _ l i b  s o u r c e _ b i t _ b u f f e r _ g a p  " l a y o u t "  
n i l  " r "  )
;  G e n e r a t e  a  g e n e r i c  p a r a m e t e r  l i s t  w h i c h  w i l l  b e  u s e d  f o r  m o s t  c e l l s  
p a r a m s  =  l i s t (  l i s t (  " N W i d t h "  " f l o a t "  n w i d t h  )  l i s t  (  " P W i d t h "  " f l o a t "  p w i d t h  ) 
l i s t (  " G r o u n d "  " f l o a t "  g r o u n d  )  l i s t  (  " P o w e r "  " f l o a t "  p o w e r  )  l i s t  (  " N S i z e "  
" f l o a t "  n s i z e  )  l i s t (  " P S i z e "  " f l o a t "  p s i z e  )  )
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;  F i n d  o u t  w h a t  i  i s  g o o d  t o  m e e t :  r o w s / ( 2 A i )  >  r o w s p e r s e g m a x  
i  =  0
w h i l e (  (  f l o a t (  r o w s  )  /  (  2  * *  i  )  >  r o w s p e r s e g m a x  )  i + +  ) 
p r i n t f (  " % d \ n " ,  i  )
;  D e t e r m i n e  t h e  p e r f e c t  r o w s  f o r  t h i s  " i "  
i r o w s  = 2 * *  ( i + 1 )  - 1
;  I n i t i a l i z e  o u r  b u f f e r  s t r u c t u r e  
d e c l a r e (  a [  i r o w s  ]  )
;  I n i t i a l i z e  t h e  a r r a y
f o r (  i  0  (  i r o w s  -  1  )  a [  i  ]  =  0  )
;  F i l l  t h e  a r r a y ,  p l a c e  a n  i n c r e m e n t i n g  v a l u e  i n  a n  o p e n  s p o t  
;  t h e n  s k i p  a n o t h e r  o p e n  s p o t  a n d  d o  i t  a g a i n  u n t i l  y o u ' v e  r e a c h e d  t h e  
e n d .  S t a r t  o v e r  a g a i n  w i t h  t h e  n e w  v a l u e .
;  i . e .  :  0 1 2 3 4 5 6  
1 2  1 3  1 2  1
b  =  1
S  =  0
w h i l e (  s  = =  0  
1 = 0 
p  =  0
w h i l e (  s  = =  0
w h i l e (  (  i  <  i r o w s  & &  a [  i  ]  ! =  0  )  i + +  )
i f (  i  <  i r o w s  t h e n  
a  [  i  ]  =  b
p + +
w h i l e (  (  i  <  i r o w s  & &  a [  i  ]  ! =  0  )  i + +  )
i f (  i  <  i r o w s  t h e n  
i + +  
e l s e  
s  =  1
)
e l s e  
s  =  1
)
)
b + +  
s  =  0  
i  =  0
w h i l e (  (  i  <  i r o w s  & &  a [  i  ]  ! =  0  )  i + +  )
i f  (  i  > =  i r o w s  t h e n  s  =  1  )  
i f (  p  <  2  t h e n  s  =  1  )
)
b - -
;  T h e  l a s t  v a l u e  w e  p l a c e d  i s  c o n s i d e r e d  o u r  m a x i m u m  b u f f e r  l e v e l  
m a x b u f l e v e l  =  b
;  P r i n t  o u t  a  i n c r e m e n t  l i s t  ( c o l u m n s )  
f o r (  i  0  ( i r o w s  -  1  )  p r i n t f (  " % 2 d , " ,  i  )  )  
p r i n t f (  " \ n "  )
;  P r i n t  o u t  t h e  v a l u e s  i n  t h e  a r r a y  -  f o r  d e b u g g i n g
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f o r (  i  0  (  i r o w s  -  1  )  p r i n t f (  " % 2 d , " ,  a [  i  ]  )  ) 
p r i n t f (  ” \ n "  )
;  I n i t i a l i z e  o u r  B r e s e n h a m ' s  L i n e  A l g o r i t h m  V a r i a b l e s
d y  =  i r o w s  +  1
d x  =  r o w s
d p r  =  d y  *  2
d p r u  =  d p r  -  d x  *  2
p  =  d p r u
c  =  0
;  A  l i t t l e  d e b u g g i n g
p r i n t f (  " d y = % d ,  d x = % d ,  d p r = % d ,  d p r u = % d ,  p = % d \ n " ,  d y ,  d x ,  d p r ,  d p r u ,  p  )
;  I n i t i a l i z e  o u r  i n s t a n c e  n a m e  
i n a m e  =  " "
;  S e t  o u r  y  p o s i t i o n  
y p o s  =  0
;  I n i t i a l i z e  o u r  i n s t a n c e  c o u n t e r  
i c o u n t  =  0
;  I n i t i a l i z e  o u r  r o w  c o u n t e r  
j  =  r o w s  -  1
;  I n i t i a l i z e  o u r  c e l l  p l a c e m e n t  o r i e n t a t i o n  
e v e n  =  1
;  A d j u s t  i t  d e p e n d i n g  o n  t h e  n u m b e  o f  r o w s  
i f (  m o d (  r o w s  +  i r o w s ,  2  )  = =  1  t h e n  e v e n  =  0  )
;  P r o c e s s  t h e  r o w s  
w h i l e (  (  j  > =  0  )
;  D e p e n d i n g  o n  t h e  c e l l  p l a c e m e n t  o r i e n t a t i o n ,  s e t  t h e  C a d e n c e  r o t a t i o n  
;  t e x t  a p p r o p r a t e l y  
i f  (  e v e n  = =  1  t h e n
r o t  =  " R O "
e l s e
r o t  =  " M X "
)
;  R e a d  i n  t h e  a d d r e s s  f r o m  t h e  f i l e  
f s c a n f (  f i l e  " % s "  p a t t e r n  )
;  D i s p l a y  i t
p r i n t f (  " C o m p a r e  % d :  % s \ n " ,  j ,  p a t t e r n  )
;  I n i t i a l i z e  o u r  x  p o s i t i o n  
x p o s  =  0
;  I f  t h i s  i s  a  l a r g e r  t a b l e ,  p l a c e  a  b u f f e r  f i r s t  
i f (  m a x b u f l e v e l  >  1  t h e n
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;  G e n e r a t e  t h e  i n s t a n c e  n a m e  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
;  P l a c e  t h e  c e l l  i n s t a n c e  w i t h  e x t r a  p a r a m e t e r s
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ b u f f e r _ g a p  i n a m e  l i s t ( x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t (  " N u m b e r "  " i n t "  m a x b u f l e v e l  -  1  )  )  )
;  U p d a t e  t h e  x  p o s i t i o n
x p o s  =  x p o s  +  (  r a _ b u f f e r _ g a p  ~ >  w i d t h  )  *  (  m a x b u f l e v e l  -  1  )
;  P l a c e  t h e  b e g i n n i n g  r o w  c h a i n  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ f i r s t  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  p a r a m s  )
;  O n  t h e  l a s t  r o w ,  p l a c e  t h e  p o w e r  p i n s  
i f  (  j  = =  0  t h e n
;  A d j u s t  t h e  p l a c e m e n t  o f  t h e  p i n s  b a s e d  o n  t h e  c e l l  r o t a t i o n  
b  =  e v e n
i f  ( b  = =  0  t h e n  b  =  - 1  )
;  P l a c e  t h e  p o w e r  p i n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t ( b i t s _ d b  p o w e r j p i n  i n a m e  l i s t (  x p o s  y p o s  +  b  *  (  
r a _ f i r s t  ~ >  p o w e r  +  p s i z e  ) )  " R O "  1  ) 
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  " v d d "  ) 
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " i n p u t O u t p u t "  ) 
d b C r e a t e I n s t T e r m (  i n e t  i i n s t  i t e r m  )  
d b C r e a t e P i n (  i n e t  i i n s t  " v d d "  )
;  P l a c e  t h e  g r o u n d  p i n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  p o w e r _ p i n  i n a m e  l i s t (  x p o s  y p o s  -  b  *  (  
r a _ f i r s t  ~ >  p o w e r  +  n s i z e  ) )  " R O "  1  )  
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  " g n d "  )  
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " i n p u t O u t p u t "  ) 
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  )  
d b C r e a t e P i n (  i n e t  i i n s t  " g n d "  )
;  U p d a t e  t h e  x  p o s i t i o n
x p o s  =  x p o s  +  r a _ f i r s t  ~ >  w i d t h
;  P r o c e s s  e a c h  o f  t h e  i n p u t  b i t s  
f o r (  i  1  c o m p a r e s
;  I f  o n  t h e  l a s t  r o w ,  p l a c e  t h e  i n p u t  a d d r e s s  p i n s  
i f  (  j  = = 0  t h e n
s p r i n t f (  t n a m e ,  " i < % d > " ,  c o m p a r e s  -  i  )  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t  (  x p o s  y p o s  )  " R O "  1  ) 
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  )  
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " i n p u t "  )  
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  )
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d b C r e a t e P i n (  i n e t  i i n s t  t n a m e  )
)
;  A g a i n ,  i f  t h e  R A L U T  i s  l a r g e  p l a c e  b u f f e r s  f o r  t h e  i n p u t s  
i f (  m a x b u f l e v e l  >  1  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ c o m p a r e _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t (  " N u m b e r "  " i n t "  m a x b u f l e v e l  -  1  )  )  )
x p o s  =  x p o s  +  (  r a _ c o m p a r e _ g a p  ~ >  w i d t h  )  *  ( m a x b u f l e v e l  -  1  )
)
;  P l a c e  t h e  c o m p a r e  c e l l  
b  =  s u b s t r i n g (  p a t t e r n ,  i ,  1  )  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ c o m p a r e  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t (  " O n e "  " B o o l e a n "  b  = =  " 1 "  )  )  )
x p o s  =  x p o s  +  r a _ c o m p a r e  ~ >  w i d t h  -  r a _ c o m p a r e  ~ >  b a s e  +  n w i d t h
;  P l a c e  t h e  m i d d l e  c h a i n ,  i f  n e c e s s a r y
i f (  i  ! =  c o m p a r e s  & &  m o d (  c o m p a r e s  -  i ,  m a x r a s e g m e n t  )  = =  0  t h e n  
s p r i n t f (  i n a m e ,  ” I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ m i d d l e  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
p a r a m s  )
x p o s  =  x p o s  +  r a _ m i d d l e  ~ >  w i d t h
)
;  P l a c e  t h e  f i n a l  r o w  c h a i n  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ f i n a l  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  a p p e n d l ( 
a p p e n d l (  a p p e n d l (  p a r a m s  l i s t  (  " F i r s t "  " B o o l e a n "  j  = =  r o w s  -  1  )  )  l i s t ( 
" L a s t "  " B o o l e a n "  j  = =  0  )  )  l i s t  (  " E v e n "  " B o o l e a n "  e v e n  = =  1  ) )  )  
x p o s  =  x p o s  +  r a _ f i n a l  ~ >  w i d t h
;  R e a d  t h e  o u t p u t  b i t  p a t t e r n  
f s c a n f (  f i l e  " % s "  p a t t e r n  )
;  P r i n t  i t
p r i n t f (  " C o l u m n  % d :  % s \ n " ,  j ,  p a t t e r n  )
;  P r o c e s s  e a c h  o u t p u t  b i t  
f o r (  i  0  (  c o l u m n s  -  1  )
;  P l a c e  e x t r a  d r i v e r  b u f f e r s  i f  n e c e s s a r y
i f (  i  >  0  & &  m o d (  i ,  b u f f e r s b e t w e e n o u t b i t s  ) = =  0  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b u f f e r  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  p a r a m s  )  
x p o s  =  x p o s  +  b u f f e r  ~ >  w i d t h
)
;  P l a c e  t h e  o u t p u t  b i t
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b  =  s u b s t r i n g (  p a t t e r n ,  i  +  1 ,  1  ) 
s p r i n t f ( i n a m e ,  " I % d " ,  i c o u n t + +  )
.  * * * * * *  I N V E R T E D  T H E  O U T P U T S
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b i t  i n a m e  l i s t  (  x p o s  y p o s  )  r o t  1  a p p e n d l (  
p a r a m s  l i s t  (  " O n e "  " B o o l e a n "  b  = =  " 0 "  )  )  )
;  O n  t h e  l a s t  r o w ,  p l a c e  t h e  o u t p u t  p i n s  
i f (  j  = = 0  t h e n
s p r i n t f  (  t n a m e ,  ” o < % d > " ,  c o l u m n s  -  1  -  i  )  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t  (  x p o s  +  b i t  ~ >  p i n o f f s e t  
y p o s  )  " R O "  1  )
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  )  
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " o u t p u t "  )  
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  )  
d b C r e a t e P i n (  i n e t  i i n s t  t n a m e  )
)
x p o s  =  x p o s  +  b i t  ~ >  w i d t h
;  A d d  t h e  a p p r o p r i a t e  v a l u e  b a s e d  o n  t h e  c e l l  r o t a t i o n  t o  t h e  y  p o s i t i o n  
;  a n d  s e t  t h e  n e w  c e l l  r o t a t i o n  
i f (  e v e n  = =  1  t h e n
y p o s  =  y p o s  -  v a d d e v e n  
e v e n  =  0  
r o t  =  " M X "
e l s e
y p o s  =  y p o s  -  v a d d o d d  
e v e n  =  1  
r o t  =  " R O "
;  I s  i t  t i m e  f o r  a  b u f f e r ?
i f (  (  p  > =  0  & &  c  <  i r o w s  )  t h e n
;  U p d a t e  o u r  a l g o r i t h m  v a r i a b l e s  
p  =  p  +  d p r u
;  S t a r t  a  n e w  r o w  
x p o s  =  0
;  O n  t h e  l a s t  r o w ,  p l a c e  t h e  c l o c k  p i n  
i f (  j  = =  0  t h e n
s p r i n t f (  t n a m e ,  " e l k "  )
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t  (  x p o s  +  r a _ c l k b u f f e r  ~ >  
p i n o f f s e t  y p o s  -  (  r a _ f i r s t  ~ >  p o w e r  +  n s i z e  )  )  " R O "  1  ) 
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  ) 
i t e r m  =  d b C r e a t e T e r m ( i n e t  " "  " i n p u t "  )  
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  )
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d b C r e a t e P i n (  i n e t  i i n s t  t n a m e  )
;  U s e  o u r  b u f f e r  s t r u c t u r e  t o  d e t e r m i n e  i f  w e  n e e d  a  b u f f e r  o r  a  g a p  
i f (  m a x b u f l e v e l  >  a [  c  ]  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ b u f f e r _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t (  " N u m b e r "  " i n t "  m a x b u f l e v e l  -  a [  c  ]  )  )  )
x p o s  =  x p o s  +  (  r a _ b u f f e r _ g a p  ~ >  w i d t h  )  *  (  m a x b u f l e v e l  -  a [  c  ]  )
;  F i g u r e  o u t  t h e  c l o c k  l e v e l ,  a  l a r g e r  v a l u e  m e a n s  a  h i g h e r  l e v e l  
v a l  =  a  [  c  ]
i f (  v a l  <  1  t h e n  v a l  =  1  )
;  P l a c e  a  b u f f e r
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ c l k b u f f e r  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t  (  " N u m b e r "  " i n t "  v a l  )  )  )
x p o s  =  x p o s  +  r a _ c l k b u f f e r  ~ >  w i d t h  +  (  v a l  *  r a _ b u f f e r _ g a p  w i d t h  )
;  D o  t h e  s a m e  f o r  t h e  i n p u t s  
f o r (  i  1  c o m p a r e s
;  P l a c e  a  g a p  i f  n e c e s s a r y  
i f f  m a x b u f l e v e l  >  a [  c  ]  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ b u f f e r _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t f  " N u m b e r "  " i n t "  m a x b u f l e v e l  -  a [  c  ]  )  )  )
x p o s  =  x p o s  +  (  r a _ b u f f e r _ g a p  w i d t h  )  *  (  m a x b u f l e v e l  -  a [  c  ]  )
)
;  O n  t h e  l a s t  l e v e l  u s e  s m a l l e r  b u f f e r s  
i f (  a [  c  ]  = =  1  t h e n
c e l l  =  r a _ b u f f e r
e l s e
c e l l  =  r a _ l b u f f e r
)
v a l  =  a  [  c  ]  -  1
;  P l a c e  t h e  i n p u t  b u f f e r  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  c e l l  i n a m e  l i s t f  x p o s  y p o s  )  r o t  1  a p p e n d l (  
p a r a m s  l i s t f  " N u m b e r "  " i n t "  v a l  )  )  )
x p o s  =  x p o s  +  r a _ _ c o m p a r e  ~ >  w i d t h  -  r a _ c o m p a r e  ~ >  b a s e  +  n w i d t h  +  (  v a l  
*  r a _ b u f f e r _ g a p  ~ >  w i d t h  )
;  O n  t h e  l a s t  r o w ,  p l a c e  t h e  i n p u t  p i n s  
i f f  j  = =  0  t h e n
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s p r i n t f (  t n a m e ,  " i < % d > " ,  c o m p a r e s  -  i  )  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t (  x p o s  +  r a _ b u f f e r  
p i n o f f s e t  y p o s  -  (  r a _ f i r s t  ~ >  p o w e r  +  n s i z e  )  )  " R O "  1  ) 
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  )  
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " i n p u t "  )  
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  ) 
d b C r e a t e P i n t  i n e t  i i n s t  t n a m e  )
)
;  P l a c e  d u m m y  " m i d d l e  c h a i n  r o w  c e l l s "  t o  k e e p  e v e r y t h i n g  l i n e d  u p  
i f (  i  ! =  c o m p a r e s  & &  m o d (  c o m p a r e s  -  i ,  m a x r a s e g m e n t  )  = =  0  t h e n
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ m i d d l e _ g a p  i n a m e  l i s t  (  x p o s  y p o s  )  r o t  
p a r a m s  )
x p o s  =  x p o s  +  r a _ m i d d l e _ g a p  ~ >  w i d t h
)
;  P l a c e  a  d u m m y  f i n a l  c h a i n  c e l l  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  r a _ f i n a l _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t (  " L a s t "  " B o o l e a n "  j  = =  0  )  )  )
x p o s  =  x p o s  +  r a _ f i n a l _ g a p  w i d t h
;  P l a c e  t h e  d u m m y  o u t p u t  g a p s  
f o r ( i  0  (  c o l u m n s  -  1  )
;  P l a c e  t h e  d u m m y  l i n e  d r i v e r s
i f (  i  >  0  & &  m o d (  i ,  b u f f e r s b e t w e e n o u t b i t s  )  = =  0  t h e n  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b u f f e r _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
p a r a m s  )
x p o s  =  x p o s  +  b u f f e r  ~ >  w i d t h
)
;  P l a c e  t h e  d u m m y  o u t p u t  b i t s ,  o n  t h e  l a s t  r o w  t h e y  a r e  i n v e r t e r s  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
d b C r e a t e P a r a m l n s t (  b i t s _ d b  b i t _ g a p  i n a m e  l i s t (  x p o s  y p o s  )  r o t  1  
a p p e n d l (  p a r a m s  l i s t (  " L a s t "  " B o o l e a n "  j  = =  0  ) )  )
;  O n  t h e  l a s t  r o w  p l a c e  t h e  o u t p u t  p i n s  
i f  (  j  = = 0  t h e n
s p r i n t f (  t n a m e ,  " o < % d > " ,  c o l u m n s  -  1  -  i  )  
s p r i n t f (  i n a m e ,  " I % d " ,  i c o u n t + +  )
i i n s t  =  d b C r e a t e l n s t (  b i t s _ d b  i o _ p i n  i n a m e  l i s t  (  x p o s  +  b i t _ g a p  ~ >  
p i n o f f s e t  y p o s  -  (  r a _ f i r s t  ~ >  p o w e r  +  n s i z e  )  )  "RO" 1 ) 
i n e t  =  d b C r e a t e N e t (  b i t s _ d b  t n a m e  ) 
i t e r m  =  d b C r e a t e T e r m (  i n e t  " "  " o u t p u t "  ) 
d b C r e a t e l n s t T e r m (  i n e t  i i n s t  i t e r m  ) 
d b C r e a t e P i n (  i n e t  i i n s t  t n a m e  )
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x p o s  =  x p o s  +  b i t _ g a p  ~ >  w i d t h
)
;  A d j u s t  t h e  y  p o s i t i o n  a n d  c e l l  o r i e n t a t i o n  a g a i n  
i f (  e v e n  = =  1  t h e n
y p o s  =  y p o s  -  v a d d e v e n  
e v e n  =  0  
r o t  =  " M X "
e l s e
y p o s  =  y p o s  -  v a d d o d d  
e v e n  =  1  
r o t  =  " R O "
C +  +
e l s e
;  N o  b u f f e r  t h i s  r o w ,  c o n t i n u e  
p  =  p  +  d p r
)
;  N e x t  r o w
j - -
)
;  S a v e  d e s i g n  
d b S a v e (  b i t s  d b  )
;  C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e  
d b C l o s e
a l l  s u p p o r t i n g  f i l e s  
b i t  ) 
b u f f e r  )  
i o _ j ? i n  )  
p o w e r _ p i n  ) 
r a _ g a p  )  
r a _ t o p  )  
r a _ c l k b u f f e r  )  
r a _ b u f f e r  )  
r a _ b u f f e r _ g a p  )  
r a _ l b u f f e r  ) 
r a _ f i r s t  )  
r a _ m i d d l e  ) 
r a _ m i d d l e _ g a p  )  
r a _ f i n a l  )  
r a _ f  i n a l _ g a p  ) 
r a _ c o m p a r e  )  
r a _ c o m p a r e _ g a p  )
C l o s e  i n p u t  f i l e
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c l o s e t  f i l e  )
)
C.3.19 Example
The SKILL code above is hard coded to read “datafile2”. The following is a sample file 
along with the generated facet and full layout views. The layout size will change 
depending on the building parameters.
C.3.19.1 Input File (datafile2)
9  9  2 0
0 0 0 0 0 0 0 0 0  0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0  
0 0 0 1 0 0 0 0 0  0 1 0 0 1 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0  
0 0 1 0 0 1 1 1 1  0 1 0 0 1 0 1 1 1 1 0 0 0 1 1 1 0 1 0 1  
0 1 0 0 0 0 1 0 0  0 1 0 1 0 1 0 1 0 1 0 0 0 1 0 1 1 1 1 1  
0 1 1 0 1 0 1 0 1  0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1  
1 0 0 0 1 0 1 0 0  0 1 1 0 0 1 0 1 0 0 1 0 1 0 0 0 0 1 0 0  
1 0 1 0 0 0 1 0 0  0 1 1 0 1 1 0 0 0 0 0 0 0 0 1 0 1 0 1 1  
1 0 1 1 1 0 1 1 1  0 1 1 1 0 0 0 1 1 1 0 0 0 1 1 0 1 1 1 0  
1 1 1 0 0 0 1 1 1  1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0
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C.3.19.2 Facet View (rotated)
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C.3.19.3 Full View (rotated)
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C.4 Graphical SKILL Code Wrapper
In order to make using the RALUT as simple as possible, an experimental graphical 
wrapper was written. This code looks for a library with properties which indicates it is a 
source for generating an RALUT (“ralut_generator”). Defaults for all the specifications of 
the RALUT are also included in the library properties (see below).
L ib r a r y  P ro p e r ty  E d ito r  
OK Cancel Apply Add D elete'' Modify
nam e r s lu t_ o o \ t r c e  o w n er iw 3ced3
g ro u p : 1201 lastM odify  : S ep  415:06:51  2003
read  Path  'home /  v l s i  .'mu 3 c e d 3 /  crruj sp 3 5 / r  a l  u t_ s  tu c c e  R
w rite  P ath  ■’horie / v l s i  / Ulu ;c  ed3/C M £p 15 / r e l  ̂ t;_50urce
UNIX P erm issions Mode 
O w n e r : rw x
ground (0 .70:10.00) 
iopin
nsize  (0 .70:10.00) 
nw idth  (0 .70 :10 .00) 
p o w er (0 .70 :10 .00) 
pow erpin 
psize (0 .70:10.00) 
pw id th  (0 .70 :10 .00) 
r a lu tg e n e r a to r  





^ T ~ ~
■ B i l
m e t a l l j f
u
C i r iO o p ; ! . c>
r -x O th e r : r - x
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C.4.1 Wrapper Application
The GUI application can be called with the SKILL “load” function: 
l o a d ( " g u i . i l " )
RALUT T ool
OK Cancel Defaults Apply 
Source Library: ralut^source ;
N -Type T ransistor Maximum Width: 1  70
P - ly p e  tran s is to r  Maximum Width: 0 70'
N -Type T ransistor General Width: 3 VO
l‘- ly p e  I ransis to r General Width: 0 . 7 0
Ground Bar Width: , 0 70
Pow er Bar Width: 0 7ii
Destination Library: generated
Cell Name: r a in - '
Pattern Filename: d a t a f i l e i
Help!
C.4.2 Wrapper Code
The following code is a template as it is not a procedure which can be easily called from a 
menu function. The code also does not call the RALUT generating script but it does leave 
a place hold for one.
C.4.2.1 Cadence SKILL Code (gui.il)
;  E x p e r i m e n t a l  G U I  f o r  R A L U T  g e n e r a t o r  
;  I n i t i a l i z e  t h e  d e s t i n a t i o n  l i b r a r y  l i s t
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d e s t l i b l i s t s  =  l i s t (  " "  )
;  I n i t i a l i z e  a  s o u r c e  l i b r a r y  l i s t  
l i b l i s t s  =  n i l
;  G e t  a l l  t h e  c u r r e n t  l i b r a r i e s  a n d  p r o c e s s  t h e m  a l l  
f o r e a c h (  l i b i d  (  d d G e t L i b L i s t  )
;  C h e c k  t o  s e e  i f  t h e  " r a l u t _ g e n e r a t o r "  v a l u e  i s  t r u e  
i f (  l i b i d  ~ >  r a l u t _ g e n e r a t o r  t h e n
;  I f  s o ,  a p p e n d  i t  t o  o u r  l i s t
l i b l i s t s  =  a p p e n d l (  l i b l i s t s  l i b i d  ~ >  n a m e  )
)
;  C r e a t e  a  s e r i e s  o f  f i e l d s  f o r  t h e  d i a l o g  b o x
;  S o u r c e  l i b r a r y  f i e l d  -  s e t  a  c a l l  b a c k  w h e n  i t  i s  c h a n g e d  
l i b f i e l d  =  h i C r e a t e C y c l i c F i e l d (
? n a m e  ' l i b f i e l d
? p r o m p t  " S o u r c e  L i b r a r y :  "
? c h o i c e s  l i b l i s t s
? c a l l b a c k  " s e t  s o u r c e _ i d (  R A L U T T o o l - > l i b f i e l d - > v a l u e  ) "
;  N S I Z E  f i e l d
n s i z e f i e l d  =  h i C r e a t e F l o a t F i e l d (
? n a m e  ' n s i z e f i e l d
P p r o m p t  " N - T y p e  T r a n s i s t o r  M a x i m u m  W i d t h :  "  
? f o r m a t  " % 2 . 2 f "
;  P S I Z E  f i e l d
p s i z e f i e l d  =  h i C r e a t e F l o a t F i e l d (
? n a m e  ' p s i z e f i e l d
? p r o m p t  " P - T y p e  T r a n s i s t o r  M a x i m u m  W i d t h :  "  
? f o r m a t  " % 2 . 2 f "
;  N W I D T H  f i e l d
n w i d t h f i e l d  =  h i C r e a t e F l o a t F i e l d !
? n a m e  ' n w i d t h f i e l d
? p r o m p t  " N - T y p e  T r a n s i s t o r  G e n e r a l  W i d t h :  "  
? f o r m a t  " % 2 . 2 f "
;  P W I D T H  f i e l d
p w i d t h f i e l d  =  h i C r e a t e F l o a t F i e l d !
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? n a m e  ' p w i d t h f i e l d
? p r o m p t  " P - T y p e  T r a n s i s t o r  G e n e r a l  W i d t h :  "  
P f o r m a t  ” % 2 . 2 f "
;  G R O U N D  f i e l d
g r o u n d w i d t h f i e l d  =  h i C r e a t e F l o a t F i e l d (
? n a m e  ' g r o u n d w i d t h f i e l d  
P p r o m p t  " G r o u n d  B a r  W i d t h :  "
P f o r m a t  " % 2 . 2 f "
;  P O W E R  f i e l d
p o w e r w i d t h f i e l d  =  h i C r e a t e F l o a t F i e l d !
P n a m e  ' p o w e r w i d t h f i e l d  
P p r o m p t  " P o w e r  B a r  W i d t h :  "
? f o r m a t  " % 2 . 2 f "
;  D e s t i n a t i o n  l i b r a r y  f i e l d  
d e s t l i b f i e l d  =  h i C r e a t e C y c l i c F i e l d !
P n a m e  ' d e s t l i b f i e l d
P p r o m p t  " D e s t i n a t i o n  L i b r a r y :  "
P c h o i c e s  d e s t l i b l i s t s
;  C e l l V i e w  f i e l d  -  c a l l b a c k  
c e l l f i e l d  =  h i C r e a t e S t r i n g F i e l d !
? n a m e  ' c e l l f i e l d  
P p r o m p t  " C e l l  N a m e :  "
P c a l l b a c k  " c h e c k c e l l n a m e (  R A L U T T o o l - > c e l l f i e l d - > v a l u e  ) "  
P f o r m a t  " % s "
;  I n p u t  f i l e  f i e l d  -  c a l l b a c k  
f i l e f i e l d  =  h i C r e a t e S t r i n g F i e l d !
P n a m e  ' f i l e f i e l d
P p r o m p t  " P a t t e r n  F i l e n a m e :  "
P c a l l b a c k  " c h e c k f i l e !  R A L U T T o o l - > f i l e f i e l d - > v a l u e  ) "  
P f o r m a t  " % s "
h i C r e a t e A p p F o r m (
P n a m e  ' R A L U T T o o l  
P f o r m T i t l e  " R A L U T  T o o l "
P c a l l b a c k  " m a k e r a l u t (  R A L U T T o o l - > n s i z e f i e l d - > v a l u e ,  R A L U T T o o l - > p s i z e f i e l d -  
> v a l u e ,  R A L U T T o o l - > n w i d t h f i e l d - > v a l u e ,  R A L U T T o o l - > p w i d t h f i e l d - > v a l u e ,  
R A L U T T o o l - > g r o u n d w i d t h f i e l d - > v a l u e ,  R A L U T T o o l - > p o w e r w i d t h f i e l d - > v a l u e ,
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R A L U T T o o l - > l i b f i e l d - > v a l u e ,  R A L U T T o o l - > d e s t l i b f i e l d - > v a l u e ,  R A L U T T o o l -  
> c e l l f i e l d - > v a l u e ,  R A L U T T o o l - > f i l e f i e l d - > v a l u e  ) "
? f i e l d s  
l i s t  (
l i b f i e l d  
n s i z e f i e l d  
p s i z e f i e l d  
n w i d t h f i e l d  
p w i d t h f  i e l d  
g r o u n d w i d t h f i e l d  
p o w e r w i d t h f i e l d  
d e s t l i b f i e l d  
c e l l f i e l d  
f i l e f i e l d
)
? u n m a p A f t e r C B  t
;  P r o c e d u r e  t o  l o a d  d e f a u l t  v a l u e s  f r o m  t h e  l i b r a r y  
p r o c e d u r e (  s e t _ s o u r c e _ i d (  t e x t  )
;  O p e n  t h e  l i b r a r y
s o u r c e _ i d  =  d d G e t O b j (  t e x t  n i l  n i l  n i l  n i l  " r "  )
;  L o a d  t h e  N S I Z E  v a l u e
i f (  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " n s i z e "  )  t h e n
R A L U T T o o l - > n s i z e f i e l d - > v a l u e  =  s o u r c e _ i d  ~ >  n s i z e  
R A L U T T o o l - > n s i z e f i e l d - > d e f V a l u e  =  s o u r c e _ i d  n s i z e
R A L U T T o o l - > n s i z e f i e l d - > r a n g e  =  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " n s i z e "  )  ~ >  
r a n g e
;  L o a d  t h e  P S I Z E  v a l u e
i f (  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " p s i z e "  )  t h e n
R A L U T T o o l - > p s i z e f i e l d - > v a l u e  =  s o u r c e _ i d  ~ >  p s i z e  
R A L U T T o o l - > p s i z e f i e l d - > d e f V a l u e  =  s o u r c e _ i d  ~ >  p s i z e
R A L U T T o o l - > p s i z e f i e l d - > r a n g e  =  d b S e a r c h P r o p B y N a m e ( s o u r c e _ i d  " p s i z e "  )  ~ >  
r a n g e
;  L o a d  t h e  N W I D T H  v a l u e
i f (  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " n w i d t h "  )  t h e n
R A L U T T o o l - > n w i d t h f i e l d - > v a l u e  =  s o u r c e _ i d  ~ >  n w i d t h  
R A L U T T o o l - > n w i d t h f i e l d - > d e f V a l u e  =  s o u r c e _ i d  ~ >  n w i d t h
R A L U T T o o l - > n w i d t h f i e l d - > r a n g e  =  d b S e a r c h P r o p B y N a m e !  s o u r c e _ i d  " n w i d t h "  )  ~ >  
r a n g e
;  L o a d  t h e  P W I D T H  v a l u e
i f (  d b S e a r c h P r o p B y N a m e ( s o u r c e _ i d  " p w i d t h "  )  t h e n
R A L U T T o o l - > p w i d t h f i e l d - > v a l u e  =  s o u r c e _ i d  ~ >  p w i d t h  
R A L U T T o o l - > p w i d t h f i e l d - > d e f V a l u e  =  s o u r c e _ i d  ~ >  p w i d t h
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R A L U T T o o l - > p w i d t h f i e l d - > r a n g e  =  d b S e a r c h P r o p B y N a m e ( s o u r c e _ i d  " p w i d t h "  )  ~ >  
r a n g e
;  L o a d  t h e  G R O U N D  v a l u e
i f (  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " g r o u n d "  )  t h e n
R A L U T T o o l - > g r o u n d w i d t h f i e l d - > v a l u e  =  s o u r c e _ i d  ~ >  g r o u n d  
R A L U T T o o l - > g r o u n d w i d t h f i e l d - > d e f V a l u e  =  s o u r c e _ i d  ~ >  g r o u n d  
R A L U T T o o l - > g r o u n d w i d t h f i e l d - > r a n g e  =  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " g r o u n d "  
)  ~ >  r a n g e
;  L o a d  t h e  P O W E R  v a l u e
i f (  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " p o w e r "  )  t h e n
R A L U T T o o l - > p o w e r w i d t h f i e l d - > v a l u e  =  s o u r c e _ i d  ~ >  p o w e r  
R A L U T T o o l - > p o w e r w i d t h f i e l d - > d e f V a l u e  =  s o u r c e _ i d  ~ >  p o w e r
R A L U T T o o l - > p o w e r w i d t h f i e l d - > r a n g e  =  d b S e a r c h P r o p B y N a m e (  s o u r c e _ i d  " p o w e r "  ) 
~ >  r a n g e
;  I n i t i a l i z e  t h e  d e s t i n a t i o n  l i s t  
d e s t l i b l i s t s  =  n i l
;  G o  t h r o u g h  a l l  l i b r a r i e s  
f o r e a c h (  l i b i d  (  d d G e t L i b L i s t  )
;  M a k e  s u r e  t h e  l i b r a r y  h a s  t h e  r i g h t  t e c h n o l o g y  a n d  i s  w r i t a b l e  
i f (  (  l i b i d  ~ >  t e c h L i b N a m e  = =  s o u r c e _ i d  ~ >  t e c h L i b N a m e  )  & &  (  l i b i d  ! =
s o u r c e _ i d  )  & &  d d l s O b j W r i t a b l e (  l i b i d  )  t h e n
;  W e  g o t  t h i s  f a r ,  a d d  i t  t o  t h e  l i s t  
d e s t l i b l i s t s  =  a p p e n d l (  d e s t l i b l i s t s  l i b i d  ~ >  n a m e  )
)
;  S e t  t h e  f i e l d  c h o i c e s
R A L U T T o o l - > d e s t l i b f i e l d - > c h o i c e s  =  d e s t l i b l i s t s
;  r e t u r n  
n i l
)
;  P r o c e d u r e  t o  c h e c k  t h e  i n p u t  f i l e  
p r o c e d u r e (  c h e c k f i l e (  f i  )
;  I s  a  v a l i d  a r g u m e n t
i f f  I s t r i n g p f  f i  )  | |  (  s t r l e n f  f i  )  = =  0  )  t h e n
;  N o ,  s h o w  a n  a l e r t  
h i D i s p l a y A p p D B o x (
? n a m e  ' n o f i l e n a m e
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? d b o x B a n n e r  " N o  f i l e  n a m e  e n t e r e d "  
? d b o x T e x t  " N o  f i l e  n a m e  e n t e r e d . "  
? d i a l o g T y p e  h i c E r r o r D i a l o g  
? d i a l o g S t y l e  ' m o d a l
e l s e
;  I s  i t  a  f i l e
i f  (  ! i s F i l e (  f i  )  t h e n
;  N o ,  s h o w  a n  a l e r t  
h i D i s p l a y A p p D B o x (
? n a m e  ' f i l e n o t f o u n d  
? d b o x B a n n e r  " F i l e  n o t  f o u n d "
? d b o x T e x t  s p r i n t f (  n i l  " F i l e  ' % s '  n o t  f o u n d . "  f i  )  
? d i a l o g T y p e  h i c E r r o r D i a l o g  
? d i a l o g S t y l e  ' m o d a l
e l s e
;  I s  i t  r e a d a b l e
i f  (  ! i s R e a d a b l e (  f i  )  t h e n
;  N o ,  s h o w  a n  a l e r t  
h i D i s p l a y A p p D B o x (
? n a m e  ' f i l e n o t r e a d a b l e  
P d b o x B a n n e r  " F i l e  c a n n o t  b e  r e a d "
? d b o x T e x t  s p r i n t f (  n i l  " F i l e  ' % s '  c a n n o t  b e  r e a d . "  f i  ) 
? d i a l o g T y p e  h i c E r r o r D i a l o g  
? d i a l o g S t y l e  ' m o d a l
)
;  P r o c e d u r e  t o  c h e c k  t h e  c e l l v i e w  f i e l d  
p r o c e d u r e (  c h e c k c e l l n a m e (  f i  )
;  W h e n  a  i s  n o t  0 ,  t h e n  w e  h a v e  a n  e r r o r  c o n d i t i o n  
a  =  0
;  I f  t h e  p a s s e d  a r g u m e n t  i s  n o t  a  s t r i n g ,  e r r o r  o u t  
i f (  ! s t r i n g p (  f i  )  t h e n  a  =  1  )
;  I f  t h e  f i r s t  c h a r a c t e r  i s  a  s p a c e ,  e r r o r  o u t
i f (  a  = =  0  & &  s t r c m p (  s u b s t r i n g (  f i  1  1  )  "  "  )  = =  0  t h e n  a  =  1  )
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;  I f  t h e  e r r o r  c o n d i t i o n  i s  s e t ,  s h o w  o n e  
i f (  a  = =  1  t h e n
;  D i s p l a y  t h e  e r r o r  
h i D i s p l a y A p p D B o x (
? n a m e  ' i n v a l i d n a m e  
? d b o x B a n n e r  " I n v a l i d  C e l l  N a m e "
? d b o x T e x t  s p r i n t f (  n i l  " ' % s '  i s  n o t  a  v a l i d  c e l l  n a m e . "  f i  )
? d i a l o g T y p e  h i c E r r o r D i a l o g  




;  S h o w  t h e  d i a l o g  
h i D i s p l a y F o r m (  R A L U T T o o l  )
;  B y  d e f a u l t  p i c k  o n e  o f  t h e  i t e m s  i n  t h e  l i s t  a s  t h e  s o u r c e  l i b r a r y  
s e t _ s o u r c e _ i d (  c a r (  l i b l i s t s  )  )
;  P r o c e d u r e  t e m p l a t e  f o r  r u n n i n g  t h e  m a k e  r a l u t  p r o g r a m
p r o c e d u r e (  m a k e r a l u t ( n s i z e ,  p s i z e ,  n w i d t h ,  p w i d t h ,  g r o u n d ,  p o w e r ,  s o u r c e _ l i b ,  
d e s t _ l i b ,  d e s t _ c e l l ,  p a t t e r n f i l e  )
;  F o r  n o w ,  j u s t  p r i n t  a l l  t h e  v a r i a b l e s
p r i n t f (  " % f ,  % f ,  % f ,  % f ,  % f ,  % f ,  % s ,  % s ,  % s ,  % s \ n " ,  n s i z e ,  p s i z e ,  n w i d t h ,  
p w i d t h ,  g r o u n d ,  p o w e r ,  s o u r c e _ l i b ,  d e s t _ l i b ,  d e s t _ c e l l ,  p a t t e r n f i l e  )
)
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This appendix includes all the software, code and the step-by-step 
procedure to generate the improved filterbank (See “Improved 
2DLNS Filterbank” on page 137).
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D.l Filter Design
In order to compare the improved MDLNS filterbank with the original [17], the same filter 
specifications are used ( 8  banks, 75 coefficients, 0.0ldB pass band with linear phase and 
60dB stop band response).
D.1.1 Coefficient Generation
MATLAB was used to generate the filter coefficients (optimal base data), plot the before 
and after magnitude and phase plots. This code is a program, not a subroutine or function. 
It is simply executed from the MATLAB command line.
The program determines the filter coefficients and plots the individual magnitude, overall 
magnitude and phase response of all the filters. The coefficients are then written to 
“c o e f  s  . i n ” so the optimal base software can process them.
D .l.1.1 fllterbank.m
%  C l o s e  a l l  f i g u r e s  
%  T h i s  p r o g r a m  w i l l  g e n e r a t e  m a n y -
c l o s e  a l l ;  
c l c  ;
%  S e t  P r i n t i n g  A r e a
x x  =  6 . 0 ;
7 7  =  3 . 7 5 ;
p a =  [  (  8 . 5  -  x x  )  /  2 ,  ( 1 1 - y y )  /  2 ,  x x ,  y y  ] ;
%  E x t r a  o u t p u t  f l a g  
%  S e t  t o  1  i f  y o u  w a n t  m o r e  o u t p u t
E X T R A  =  0 ;
%  S y s t e m  d a t a  a n d  s p e c i f i c a t i o n s . . .
O V E R L A P _ L O W  =  4  0 0 ;
O V E R L A P _ H I G H  =  4 0 0 ;
%  S a m p l i n g  F r e q u e n c y
F S  =  1 6 0 0 0 ;
Improved MDLNS Filterbank Design Filter Design
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
710
University o f  W indsor
%  N u m b e r  o f  f i l t e r s  i n  t h e  f i l t e r  b a n k  
N U M _ B A N D S  =  8 ;
%  T h e  p a s s  b a n d  r i p p l e  i n  d B  
P A S S _ R I P  =  0 . 0 1 ;
%  T h e  s t o p  b a n d  a t t e n u a t i o n  i n  d B  
S T O P _ A T T  =  6 0 ;
%  E x t r a  c o e f f i c i e n t s  ( s h o u l d  b e  e v e n ) ,  r e m e m b e r  k a s i e r o r d O  i s  o n l y  a n  
a p p r o x i m a t i o n
M O R E N  =  0 ;
%  C o m p u t a t i o n s .  .  .
%  D e t e r m i n e  t h e  b a n d  w i d t h  o f  e a c h  f i l t e r
%  S i n c e  t h e  l o w e s t  a n d  h i g h e s t  f i l t e r s  w i l l  e f f e c t i v e l y  h a v e  h a l f  
%  t h e  b a n d w i d t h ,  t h e  f r e q u e n c y  r a n g e  m u s t  b e  d i v i d e d  b y  
%  t h e  n u m b e r  o f  b a n d s  m i n u s  1
B A N D _ W I D T H  =  F S  /  2  /  (  N U M _ B A N D S  -  1  ) ;
%  T h e  p a s s  b a n d  P A S S _ R I P _ R E A L p l e  i n  r e a l  n u m b e r s
P A S S _ R I P _ R E A L  =  1 0  ~  (  -  P A S S _ R I P  /  2 0  )  ;
%  T h e  s t o p  b a n d  a t e n u a t i o n  i n  r e a l  n u m b e r s
S T O P _ A T T _ R E A L  =  1 0  A  (  -  S T O P _ A T T  /  2  0  )  ;
%  R e s o l u t i o n  ( n u m b e r  o f  p o i n t s )  f o r  c h e c k i n g  t h e  p a s s  a n d  s t o p  b a n d  
%  s p e c i f i c a t i o n s
R E S  =  8 1 9 2 ;
%  G e n e r a t e  a l l  o f  t h e  f i l t e r s
%  S i n c e  t h e  f i l t e r s  a r e  s y m e t r i c a l ,  t h e  " h i g h  p a s s "  f i l t e r s  w i l l  h a v e  
%  t h e  s a m e  c o e f f i c i e n t s  a s  t h e  " l o w  p a s s "  f i l t e r s ,  b u t  w i t h  o d d  o r  
%  e v e n  s y m m e t r y ;  t h i s  w i l l  b e  d e t e r m i n e d  l a t e r
f o r  i  =  1  :  N U M _ B A N D S ,
i f  i  = =  1
%  F o r  t h e  f i r s t  c a s e ,  f i n d  t h e  B E T A  a n d  o r d e r  o f  t h e  f i l t e r s  
%  U s i n g  t h e  s a m e  B E T A  a n d  o r d e r  w i l l  g e n e r a t e  s y m m e t r i c a l  f i l t e r s  
%  T h e  f i r s t  f i l t e r  b a n d  w i d t h  i s  h a l f  o f  a l l  t h e  o t h e r s  
%  ( e x c e p t  t h e  l a s t )
W n  =  [  (  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W  )  (  B A N D _ W I D T H  /  2  +  O V E R L A P _ H I G H  )
]  ;
%  G e n e r a t e  t h e  n o r m a l i z e  f r e q u e n c y  r a n g e  a n d  t y p e
[  N ,  W n ,  B E T A ,  T Y P E  ]  =  k a i s e r o r d (  W n ,  [ 1 0 ]  ,  [  P A S S _ R I P _ R E A L
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S T O P _ A T T _ R E A L  ]  ,  F S  )  ;
%  I f  t h e  o r d e r  i s  o d d ,  m a k e  i t  e v e n ,  b u t  M a t l a b  w i l l  g e n e r a t e  f i l t e r s  
%  w i t h  a n  o r d e r  o f  N + l ,  w e  w a n t  a n  o d d  n u m b e r  o f  c o e f f i c i e n t s
i f  m o d (  N ,  2  )  = =  1
N  =  N  +  1 ;
e n d
%  A d d  m o r e  c o e f f i c i e n t s  i f  t h e y  a r e  n e e d e d  
N  =  N  +  M O R E N ;
%  s e t u p  a  s t o r a g e  a r r a y  f o r  a l l  t h e  c o e f f i c i e n t s  ( o n e  r o w  p e r  f i l t e r )
c o e f s  =  z e r o s (  N U M _ B A N D S ,  N + l  )  ;
%  D i s p l a y  t h e  n u m b e r  o f  c o e f f i c i e n t s  w h i c h  s h o u l d  b e  n e e d e d
d i s p  (  s p r i n t f (  ' C o e f f i c i e n t s  =  % d '  ,  N  )  ) ;
e l s e i f  i  = =  N U M _ B A N D S
%  F o r  t h e  l a s t  c a s e  t h e  b a n d  w i d t h  i s  a l s o  h a l f  o f  t h e  o t h e r  f i l t e r s
%  ( e x c e p t  t h e  l a s t ) .  D O  N O T  O V E R W R I T E  T H E  O R D E R  A N D  B E T A
W n  =  [  (  F S  /  2  -  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W  )  (  F S  /  2  -  B A N D _ W I D T H  /
2  +  O V E R L A P _ H I G H  )  ] ;
%  G e n e r a t e  t h e  n o r m a l i z e  f r e q u e n c y  r a n g e  a n d  t y p e
[  d u m m y ,  W n ,  d u m m y 2 ,  T Y P E  ]  =  k a i s e r o r d (  W n ,  [ 0 1 ]  ,  [  S T O P _ A T T _ R E A L  
P A S S _ R I P _ R E A L  ]  ,  F S  ) ;
e l s e
%  S e t  u p  f o r  o t h e r  f i l t e r s  
%  H e r e  t h e  b a n d  w i d t h s  a r e  s e t  c o r r e c t l y
W n  =  [  (  -  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W  )  (  -  B A N D _ W I D T H  /  2  +
O V E R L A P _ H I G H  )  (  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W  ) (  B A N D _ W I D T H  /  2  +
O V E R L A P _ H I G H )  ]  +  B A N D _ W I D T H * ( i - 1 ) ;
%  G e n e r a t e  t h e  n o r m a l i z e  f r e q u e n c y  r a n g e  a n d  t y p e
[  d u m m y ,  W n ,  d u m m y 2 ,  T Y P E  ]  =  k a i s e r o r d (  W n ,  [ 0 1 0 ]  ,  [  S T O P _ A T T _ R E A L  
P A S S _ R I P _ R E A L  S T O P _ A T T _ R E A L  ]  ,  F S  )  ;
e n d
%  M a k e  t h e  c o e f f i c i e n t s  u s i n g  F I R 1  a n d  s t o r e  a p p r o p r i a t e l y
c o e f s (  i ,  :  )  =  f i r l (  N ,  W n ,  T Y P E ,  k a i s e r (  N + l ,  B E T A  )  ,  ' n o s c a l e '  ) ;
e n d
%  D e t e r m i n e  s y m m e t r y
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i f  m o d ( c e i l (  ( N + l )  /  2  )  ,  2  )  = =  1
%  O d d  c o e f f i c i e n t s  a r e  n e g a t e d  
d i s p (  ' O d d  s y m m e t r y . '  ) ;  
e l s e
%  E v e n  c o e f f i c i e n t s  a r e  n e g a t e d  
d i s p (  ' E v e n  s y m m e t r y . '  ) ;
e n d
%  S e t  c o l o r s  f o r  t h e  f i g u r e s  
c o l s  =  ' y m c r r c m y ' ;
%  S e t u p  s t o r a g e  f o r  t h e  m a g n i t u d e  r e s p o n s e  
H  =  z e r o s (  N U M _ B A N D S ,  R E S  ) ;
F  =  z e r o s (  1 ,  R E S  )  ;
%  C o m p u t e  a n d  p l o t  e a c h  r e s p o n s e  
%  S e t u p  a  n e w  f i g u r e  
f i g u r e ;
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;  
f o r  i  =  1  :  N U M _ B A N D S ,
%  U s e  f r e q z  w i t h  R E S  f o r  t h e  r e s o l u t i o n
[  d u m m y ,  F  ]  =  f r e q z (  c o e f s (  i ,  :  ) ,  1 ,  R E S ,  F S  ) ;
%  T r a n s p o s e  t o  k e e p  o u r  s t o r a g e  s y s t e m  c o n s i s t e n t
H (  i ,  :  )  =  d u m m y ' ;
%  P l o t  t h e  r e s p o n s e  i n  d B  u s i n g  t h e  d i f f e r e n t  c o l o r s
p l o t (  F ,  2 0  *  l o g l O (  a b s (  H (  i ,  :  )  )  ) ,  c o l s  (  m o d (  i  -  1 ,  l e n g t h (  c o l s  )  )
+  1  )  )  ;
%  K e e p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o n ;
e n d
%  S t o p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o f f ;
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%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  F S / 2  - 1 5 0  5  ]  )  ;
t i t l e (  ' M a g n i t u d e  R e s p o n s e s  o f  F i l t e r  B a n d s '  ) ;  
y l a b e l (  ' M a g n i t u d e  ( d B ) '  ) ;  
x l a b e l (  ' F r e q u e n c y  ( H z ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O r i g M a g . a i '  ) ;
%  P l o t  t h e  t o t a l  m a g n i t u t e  r e s p o n s e  
%  S e t u p  a  n e w  f i g u r e  
f i g u r e ;
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  S u m  u p  a l l  t h e  m a g n i t u d e  r e s p o n s e s  t o  f i n d  t h e  t o t a l  
T  =  s u m (  H ,  1  ) ;
%  P l o t  i t  i n  d B
p l o t (  F ,  2 0  *  l o g l O (  a b s (  T  )  )  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  F S / 2  - 2 5  1 0  ]  )  ;
t i t l e (  ' O v e r a l l  M a g n i t u d e  R e s p o n s e '  ) ;  
y l a b e l (  ' M a g n i t u d e  ( d B ) '  ) ;  
x l a b e l (  ' F r e q u e n c y  ( H z ) '  )  ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
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%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O r i g M a g A l l . a i '  ) ;
%  P l o t  t h e  p h a s e  r e s p o n s e  
%  S e t u p  a  n e w  f i g u r e  
f i g u r e ;
%  S e t  p a g e  s i z e
s e t  (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  )  ;  
f o r  i  =  1  :  N U M _ B A N D S ,
%  P l o t  t h e  p h a s e  u s i n g  d i f f e r e n t  c o l o r s
p l o t (  F ,  u n w r a p ( a n g l e (  H (  i ,  :  )  )  )  *  1 8 0  /  p i ,  c o l s (  m o d (  i  -
c o l s  )  )  +  1  )  ) ;
%  K e e p  p l o t t i n g  o n  t h e  s a m e  f i g u r e
h o l d  o n ;
e n d
%  S t o p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o f f ;
%  L a b e l  t h e  f i g u r e
t i t l e (  ' P h a s e  R e s p o n s e s  o f  F i l t e r  B a n d s '  ) ;  
y l a b e l (  ' P h a s e  ( d e g r e e s ) '  ) ;  
x l a b e l (  ' F r e q u e n c y  ( H z ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t ( g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O r i g P h a s e . a i '  ) ;
%  P r o c e s s  e a c h  r e s p o n s e  t o  s e e  w h a t  t h e  c o m p u t e d  p a s s  b a n d  r i p p l e  
%  a n d  s t o p  b a n d  a t t e n u a t i o n  a r e
d i s p (  ' F o r  t h e  c o m p u t e d  f i l t e r s : '  ) ;
f o r  i  =  1  :  N U M _ B A N D S ,
%  F o r  t h e  s p e c f i c  b a n d ,  d e t e r m i n e  t h e  r a n g e s  w h e r e  t h e  r e p o n s e s
1 ,  l e n g t h (
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%  d a t a  i s  v a l i d  f o r  p r o c e s s i n g
l o w s t o p  =  B A N D _ W I D T H  *  (  i  -  1  )  -  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W ;
l o w p a s s  =  B A N D _ W I D T H  *  (  i  -  1  )  -  B A N D _ W I D T H  /  2  +  O V E R L A P _ H I G H ;
h i g h p a s s  =  B A N D _ W I D T H  *  (  i  -  1  )  +  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W ;
h i g h s t o p  =  B A N D _ W I D T H  *  (  i  -  1  )  +  B A N D _ W I D T H  /  2  +  O V E R L A P _ H I G H ;
%  S e t u p  t h e  w o r s t  s t o p  a n d  p a s s  b a n d  s t o r a g e  
w o r s t s t o p  =  - l e 9 ;  
w o r s t p a s s  =  0  ;
%  G o  t h r u  e a c h  p o i n t  a n d  e v a l u a t e  t h e  r e s p o n s e  
f o r  j  =  1  :  R E S ,
%  D o  i t  i n  d B
d u m m y  =  2 0  *  l o g l 0 (  a b s (  H (  i ,  j  ) )  )  ;
%  C h e c k  t h e  p a s s  b a n d  r a n g e
i f  (  F (  j  )  > =  l o w p a s s  )  &  (  F (  j  )  < =  h i g h p a s s  )
%  D i s p l a y  t h e  p a s s  b a n d  r e s p o n s e  i f  o u t  o f  s p e c i f i c a t i o n s
i f  (  d u m m y  <  - P A S S _ R I P  | d u m m y  >  P A S S _ R I P  )  6c  E X T R A  >  0
d i s p ( s p r i n t f (  ' F i l t e r  % 3 d  @  % f H z  p a s s  b a n d  i s  % f d B ' ,  i ,  F (  j  ) ,
d u m m y  )  ) ;
e n d
%  U p d a t e  t h e  w o r s t  p a s s  b a n d  r e s p o n s e
i f  a b s (  d u m m y  )  >  a b s (  w o r s t p a s s  )  
w o r s t p a s s  =  d u m m y ;
e n d
e n d
%  C h e c k  t h e  s t o p  b a n d  r a n g e
i f  (  F (  j  )  < =  l o w s t o p  )  |  (  F (  j  )  > =  h i g h s t o p  )
%  D i s p l a y  t h e  s t o p  b a n d  r e s p o n s e  i f  o u t  o f  s p e c i f i c a t i o n s  
i f  d u m m y  >  - S T O P _ A T T  &  E X T R A  >  0
d i s p (  s p r i n t f (  ' F i l t e r  % 3 d  @  % f H z  s t o p  b a n d  i s  % f d B ' ,  i ,  F (  j  ) ,
d u m m y  ) ) ;
e n d
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%  U p d a t e  t h e  w o r s t  s t o p  b a n d  r e s p o n s e  
i f  d u m m y  >  w o r s t s t o p  




%  D i s p l a y  t h e  w o r s t  p a s s  a n d  s t o p  b a n d  r e s p o n s e  f o r  t h e  f i l t e r
d i s p (  s p r i n t f (  ' F i l t e r  % 3 d  w o r s t  c a s e  s t o p  b a n d  i s  % + f d B  &  p a s s  b a n d  i s  
% + f d B ' ,  i ,  w o r s t s t o p ,  w o r s t p a s s  )  ) ;
e n d
%  O u t p u t  c o e f f i c i e n t s  t o  f i l e  s o  t h e  M D L N S  b a s e  c a n  b e  o p t i m i z e d
%  O p e n  a  b i n a r y  f i l e
f i d  =  f o p e n (  ’ c o e f s . i n ' ,  ’ w '  ) ;
%  C h e c k  t o  s e e  i f  i t  o p e n e d  
i f  f i d  >  0
%  W r i t e  t h e  m a g i c  n u m b e r  t o  t h e  f i l e
%  T h i s  n o t  o n l y  i n d i c a t e s  t h e  f i l e  i s  i n p u t  d a t a ,  b u t  a l s o  
%  t e l l s  t h e  o p t i m i z e r  w h a t  t h e  e n d i a n  i s  o f  t h i s  m a c h i n e
f w r i t e (  f i d ,  1 3 2 9 7 4 4 1 7 7 ,  ' i n t '  ) ;
%  W r i t e  o u t  t h e  c o e f f i c i e n t s  i n  6 4 b i t  I E E E  f o r m
f w r i t e (  f i d ,  c o e f s '  ,  ' d o u b l e '  ) ;
%  C l o s e  t h e  f i l e
f c l o s e (  f i d  ) ;
e l s e
%  I f  t h e  f i l e  c a n ' t  b e  o p e n e d ,  s t o p  t h e  p r o g r a m  
d i s p (  ' C a n n o t  w r i t e  c o e f f i c i e n t s  t o  f i l e . '  ) ;  
r e t u r n ;
e n d
%  T e l l  t h e  u s e r  w h a t  t o  e x e c u t e  t o  o b t a i n  t h e  o p t i m a l  b a s e  d a t a  
d i s p (  ' E x e c u t e  o p t b a s e  w i t h  i n p u t  " c o e f s . i n "  a n d  o u t p u t  " c o e f s . o u t " '  ) ;
%  W a i t  f o r  t h e m
d i s p (  ' P r e s s  a  k e y  w h e n  d o n e  o p t i m i z i n g . . . '  ) ;
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p a u s e ;
%  R e a d  o p t i m i z e d  c o e f f i c i e n t  d a t a  i n
%  O p e n  t h e  o u t p u t  f i l e
f i d  =  f o p e n (  ' c o e f s . o u t ' ,  ' r '  ) ;
%  C h e c k  t o  s e e  i f  i t  o p e n e d  
i f  f i d  >  0
%  R e a d  i n  t h e  m a g i c  n u m b e r
i d  =  f r e a d t  f i d ,  1 ,  ' i n t '  ) ;
%  C h e c k  i t  i f  i t  i s  t h e  o p t i m a l  b a s e  o u t p u t  
i f  i d  ~ =  1 3 2 9 7 4 5 7 1 3  
%  I f  n o t  s t o p
%  I f  t h e  e n d i a n  o f  t h e  f i l e  i s  n o t  t h a t  o f  t h e  m a c h i n e  w e
%  c a n ' t  d o  a n y t h i n g  a b o u t  i t  a n y w a y
%  M A T L A B  d o e s n ' t  o f f e r  a  w a y  t o  r e a d  i n  b i n a r y  d a t a  w i t h  a
%  d i f f e r e n t  e n d i a n
d i s p (  ' c o e f s . o u t  f i l e  i s  i n v a l i d . '  ) ;
%  C l o s e  t h e  f i l e
f c l o s e (  f i d  ) ;
%  S t o p  t h e  p r o g r a m
r e t u r n ;
e n d
%  R e a d  i n  t h e  d a t a
c o e f s 2  =  f r e a d (  f i d ,  s i z e (  c o e f s '  ) ,  ' d o u b l e '  ) ;
%  T r a n s p o s e  t h e  m a t r i x  s o  t o  r e m a i n  c o n s i s t e n t  
c o e f s 2  =  c o e f s 2 ' ;
%  R e a d  i n  t h e  o p t i m a l  b a s e
c b  =  f r e a d (  f i d ,  1 ,  ' d o u b l e '  ) ;
%  R e a d  i n  t h e  e r r o r / s c o r e  o f  t h e  o p t i m i z a t i o n  
c e  =  f r e a d (  f i d ,  1 ,  ’ d o u b l e '  ) ;
%  C l o s e  t h e  f i l e  
f c l o s e (  f i d  ) ;
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e l s e
%  C o u l d n ' t  o p e n  t h e  f i l e
d i s p (  ' C a n n o t  r e a d  c o e f f i c i e n t s  f r o m  t h e  f i l e . '  ) ;
%  S t o p  t h e  p r o g r a m  
r e t u r n ;
e n d
%  S e t u p  s t o r a g e  f o r  t h e  o p t i m a l  b a s e  m a g n i t u d e  r e s p o n s e s  
H 2  =  z e r o s (  N U M _ B A N D S  ,  R E S  )  ;
%  C o m p u t e  a n d  p l o t  e a c h  r e s p o n s e  
%  S e t u p  a  n e w  f i g u r e  
f i g u r e ;
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;  
f o r  i  =  1  :  N U M _ B A N D S ,
%  U s e  f r e q z  w i t h  R E S  f o r  t h e  r e s o l u t i o n
[  d u m m y ,  F  ]  =  f r e g z (  c o e f s 2 (  i ,  ;  ) ,  1 ,  R E S ,  F S  ) ;
%  T r a n s p o s e  t o  k e e p  o u r  s t o r a g e  s y s t e m  c o n s i s t e n t
H 2 (  i ,  :  )  =  d u m m y ' ;
%  P l o t  t h e  r e s p o n s e  i n  d B  u s i n g  t h e  d i f f e r e n t  c o l o r s
p l o t (  F ,  2 0  *  l o g l O  (  a b s (  H 2 (  i ,  :  )  )  ) ,  c o l s ( m o d (  i  -  1 ,  l e n g t h ( c o l s  )  )
+  1  )  )  ;
%  K e e p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o n ;
e n d
% S t o p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o f f ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  F S / 2  - 1 5 0  5  ]  )  ;
t i t l e (  ' M a g n i t u d e  R e s p o n s e s  o f  F i l t e r  B a n d s  ( M D L N S ) '  ) ;  
y l a b e l  (  ' M a g n i t u d e  ( d B ) ' ) ;
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x l a b e l (  ' F r e q u e n c y  ( H z ) '  )  ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
% P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' M D L N S M a g .  a i '  ) ;
%  P l o t  t h e  t o t a l  m a g n i t u t e  r e s p o n s e  
%  S e t u p  a  n e w  f i g u r e  
f i g u r e ;
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  S u m  u p  a l l  t h e  m a g n i t u d e  r e s p o n s e s  t o  f i n d  t h e  t o t a l  
T 2  =  s u m ( H 2 ,  1  ) ;
%  P l o t  i t  i n  d B
p l o t (  F ,  2 0  *  l o g l O (  a b s (  T 2  )  )  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  F S / 2  - 2 5  1 0  ]  ) ;
t i t l e (  ' O v e r a l l  M a g n i t u d e  R e s p o n s e  ( M D L N S ) '  ) ;  
y l a b e l  (  ' M a g n i t u d e  ( d B ) ' ) ;  
x l a b e l (  ' F r e q u e n c y  ( H z ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' M D L N S M a g A l l . a i '  ) ;
%  P l o t  t h e  p h a s e  r e s p o n s e  
%  S e t u p  a  n e w  f i g u r e  
f i g u r e ;
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% S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;  
f o r  i  =  1  :  N U M _ B A N D S ,
%  P l o t  t h e  p h a s e  u s i n g  d i f f e r e n t  c o l o r s
p l o t (  F ,  u n w r a p t  a n g l e t  H 2 (  i ,  :  )  )  )  *  1 8 0  /  p i ,  c o l s (  m o d (  i  -  1 ,  
c o l s  )  )  +  1  )  ) ;
%  K e e p  p l o t t i n g  o n  t h e  s a m e  f i g u r e
h o l d  o n ;
e n d
%  S t o p  p l o t t i n g  o n  t h e  s a m e  f i g u r e  
h o l d  o f f ;
%  L a b e l  t h e  f i g u r e
t i t l e (  ' P h a s e  R e s p o n s e s  o f  F i l t e r  B a n d s  ( M D L N S ) '  ) ;  
y l a b e l (  ' P h a s e  ( d e g r e e s ) '  ) ;  
x l a b e l  (  ’ F r e q u e n c y  ( H z ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' M D L N S P h a s e . a i '  ) ;
%  P r o c e s s  e a c h  r e s p o n s e  t o  s e e  w h a t  t h e  o p t i m a l  b a s e  p a s s  b a n d  r i p p l e  
%  a n d  s t o p  b a n d  a t t e n u a t i o n  a r e
d i s p (  ' F o r  t h e  o p t i m a l  b a s e  f i l t e r s : '  ) ;
f o r  i  =  1  :  N U M _ B A N D S ,
%  F o r  t h e  s p e c f i c  b a n d ,  d e t e r m i n e  t h e  r a n g e s  w h e r e  t h e  r e p o n s e s  
%  d a t a  i s  v a l i d  f o r  p r o c e s s i n g
l o w s t o p  =  B A N D _ W I D T H  *  (  i  -  1  )  -  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W ;
l o w p a s s  =  B A N D _ W X D T H  *  (  i  -  1  )  -  B A N D _ W I D T H  /  2  +  O V E R L A P _ H I G H ;
h i g h p a s s  =  B A N D _ W I D T H  *  (  i  -  1  )  +  B A N D _ W I D T H  /  2  -  O V E R L A P _ L O W ;
h i g h s t o p  =  B A N D _ W I D T H  *  (  i  -  1  )  +  B A N D _ W I D T H  /  2  +  O V E R L A P _ H I G H ;
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% S e t u p  t h e  w o r s t  s t o p  a n d  p a s s  b a n d  s t o r a g e  
w o r s t s t o p  =  - l e 9 ;  
w o r s t p a s s  =  0 ;
%  G o  t h r u  e a c h  p o i n t  a n d  e v a l u a t e  t h e  r e s p o n s e  
f o r  j  =  1  :  R E S ,
%  D o  i t  i n  d B
d u m m y  =  2 0  *  l o g l 0 (  a b s (  H 2 (  i ,  j  )  )  ) ;
%  C h e c k  t h e  p a s s  b a n d  r a n g e
i f  ( F  (  j  )  > =  l o w p a s s  )  &  (  F (  j  )  < =  h i g h p a s s  )
%  D i s p l a y  t h e  p a s s  b a n d  r e s p o n s e  i f  o u t  o f  s p e c i f i c a t i o n s
i f  (  d u m m y  <  - P A S S _ R I P  | d u m m y  >  P A S S _ R I P  )  &  E X T R A  >  0
d i s p (  s p r i n t f (  ' F i l t e r  % 3 d  @  % f H z  p a s s  b a n d  i s  % f d B ' ,  i ,  F (  j  ) ,
d u m m y  )  ) ;
e n d
%  U p d a t e  t h e  w o r s t  p a s s  b a n d  r e s p o n s e
i f  a b s (  d u m m y  )  >  a b s (  w o r s t p a s s  )  
w o r s t p a s s  =  d u m m y ;
e n d
e n d
%  C h e c k  t h e  s t o p  b a n d  r a n g e
i f  (  F ( j  )  < =  l o w s t o p  )  |  (  F (  j  )  > =  h i g h s t o p  )
%  D i s p l a y  t h e  s t o p  b a n d  r e s p o n s e  i f  o u t  o f  s p e c i f i c a t i o n s
i f  d u m m y  >  - S T O P _ A T T  &  E X T R A  >  0
d i s p (  s p r i n t f (  ' F i l t e r  % 3 d  @  % f H z  s t o p  b a n d  i s  % f d B ' ,  i ,  F (  j  ) ,
d u m m y  ) ) ;
e n d
%  U p d a t e  t h e  w o r s t  s t o p  b a n d  r e s p o n s e  
i f  d u m m y  >  w o r s t s t o p  
w o r s t s t o p  =  d u m m y ;
e n d
e n d
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e n d
%  D i s p l a y  t h e  w o r s t  p a s s  a n d  s t o p  b a n d  r e s p o n s e  f o r  t h e  f i l t e r
d i s p (  s p r i n t f (  ' F i l t e r  % 3 d  w o r s t  c a s e  s t o p  b a n d  i s  % + f d B  &  p a s s  b a n d  i s  
% + f d B ' ,  i ,  w o r s t s t o p ,  w o r s t p a s s  )  ) ;
e n d
D.l. 1.2 Ideal Filter Results
The following are the filter bank responses from filterbank.m.
Magnitude Responses of Filter Bands
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Overall Magnitude Response
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D .l. 1.3 O utput of filterbank.m
The filterbank.m program determines the number of coefficients (75 in this case) and the 
symmetry o f the low and high filters. The magnitude responses are then checked to see if 
they meet the 60dB stop band and O.OldB pass band specifications.
C o e f f i c i e n t s  =  7 4  
E v e n  s y m m e t r y .
F o r  t h e  c o m p u t e d  f i l t e r s :
F i l t e r  1  w o r s t  c a s e  s t o p  b a n d  i s  - 6 1 . 5 1 9 3 5 7 d B  &  p a s s  b a n d  i s  - 0 . 0 1 1 6 9 0 d B
F i l t e r  2  w o r s t  c a s e  s t o p  b a n d  i s  - 5 8 . 9 2 9 3 2 6 d B  &  p a s s  b a n d  i s  + 0 . 0 1 0 5 2 9 d B
F i l t e r  3  w o r s t  c a s e  s t o p  b a n d  i s  - 6 2 . 1 4 0 3 6 6 d B  &  p a s s  b a n d  i s  - 0 . 0 1 2 7 9 9 d B
F i l t e r  4  w o r s t  c a s e  s t o p  b a n d  i s  - 6 0 . 5 1 1 6 4 0 d B  &  p a s s  b a n d  i s  + 0 . 0 1 1 8 8 9 d B
F i l t e r  5  w o r s t  c a s e  s t o p  b a n d  i s  - 6 0 . 5 1 1 6 4 0 d B  &  p a s s  b a n d  i s  + 0 . 0 1 1 8 8 9 d B
F i l t e r  6  w o r s t  c a s e  s t o p  b a n d  i s  - 6 2 . 1 4 0 3 6 6 d B  &  p a s s  b a n d  i s  - 0 . 0 1 2 7 9 9 d B
F i l t e r  7  w o r s t  c a s e  s t o p  b a n d  i s  - 5 8 . 9 2 9 3 2 6 d B  &  p a s s  b a n d  i s  + 0 . 0 1 0 5 2 9 d B
F i l t e r  8  w o r s t  c a s e  s t o p  b a n d  i s  - 6 1 . 5 1 9 3 5 7 d B  &  p a s s  b a n d  i s  - 0 . 0 1 1 6 8 8 d B
E x e c u t e  o p t b a s e  w i t h  i n p u t  " c o e f s . i n "  a n d  o u t p u t  " c o e f s . o u t "
P r e s s  a  k e y  w h e n  d o n e  o p t i m i z i n g . . .
The worst case stop band response is 58.92dB in filters 2 and 7 and the worst case pass 
band response is 0.0128dB in filters 3 and 6 . These are acceptable results to continue with 
this filter coefficients.
D .l.2 Optimal Base via Data Mapping
For the improved filterbank, it was found that by optimizing the base by reducing the error 
in the data mapping over the coefficient mapping significantly decreased the mapping 
error from the original MDLNS filterbank. By also reducing the data index range, the 
coefficient index range could be increased to compensate to achieve slightly better 
coefficient mapping and maintain the filterbank responses.
Once the MATLAB filterbank generates the ideal coefficients it pauses and waits for the 
user to execute the optimal base software to determine the mapped coefficients. Here, we 
execute the following command:
o p t b a s e  13 3 2 7 6 8  3 2 7 6 8 - 1 3 m n 2 u n z . o u t  -mn 2 - n z
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Since our coefficient index will be between -4 and 3 (-4 representing the zero case), the 
data index range is set to -13 to 1 2 , but since the -nz flag is set, it is effectively from - 1 2  to 
12 (-16 representing the zero case). Therefore there will be no possibility for index 
overflow during MDLNS multiplication. The input range is set to 16 bits (-32768to 
32767) and the high/low approximation method is used since that is the best converter 
hardware implementation for this task.
Once the optimal base is determined, the coefficients must then be mapped to that base. 
The “anybase” program does this.
a n y b a s e  4 c o e f s . i n  3 2 7 6 8 - 1 3 m n 2 u n z . o u t  c o e f s . o u t  
-mb 2 10 - n z
The coefficient range is from-4 to 3, but since the -nz flag is set, it is effectively from -3 to 
3. The coefficients are read from “c o e f s . i n ” and the base is referenced from the 
descriptive output file. The mapped coefficients are written to “c o e f s  . o u t ” which is 
read my the MATLAB program. The brute force approximation method is used to 
maximize the coefficient mapping.
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D.1.3 Mapped Coefficient Filter Results
Once the optimal base programs are completed the results are read back into the 
MATLAB program. The same analysis is done on these coefficients as the ideal ones.
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D .l.4 Continued Output of filterbank.m
The mapped coefficients are also analyzed to find the worst case pass band and stop band 
responses.
F o r  t h e  o p t i m a l  b a s e  f i l t e r s :
F i l t e r 1 w o r s t c a s e s t o p b a n d i s - 6 0 . 7 1 2 0 9 6 d B & p a s s b a n d i s +  0 . 0 1 2 3 1 0  d B
F i l t e r 2 w o r s t c a s e s t o p b a n d i s - 5 7  , 8 7 3 1 9 6 d B & p a s s b a n d i s + 0 . 0 1 1 9 7 9 d B
F i l t e r 3 w o r s t c a s e s t o p b a n d i s - 5 9 , 3 5 0 8 7 8 d B & p a s s b a n d i s +  0  .  0 1 3 8 7 5 d B
F i l t e r 4 w o r s t c a s e s t o p b a n d i s - 5 8 . 7 3 6 1 5 5 d B & p a s s b a n d i s +  0 . 0 1 6 1 0 0  d B
F i l t e r 5 w o r s t c a s e s t o p b a n d i s - 5 8 . 7 3 6 1 5 5 d B & p a s s b a n d i s + 0 . 0 1 6 1 0 0 d B
F i l t e r 6 w o r s t c a s e s t o p b a n d i s - 5 9  . 3 5 0 8 7 8 d B & p a s s b a n d i s + 0 . 0 1 3 8 7 5 d B
F i l t e r 7 w o r s t c a s e s t o p b a n d i s - 5 7  , 8 7 3 1 9 6 d B & p a s s b a n d i s +  0 . 0 1 1 9 7 9  d B
F i l t e r 8 w o r s t c a s e s t o p b a n d i s - 6 0 . 7 1 2 0 9 6 d B Sc p a s s b a n d i s +  0 . 0 1 2 3 1 0  d B
Here, the worst case stop band response is 57.87dB and he worst case pass band is 
0.016dlB. Using a large index will increase the accuracy but also increase the hardware. 
We will using the current specifications.
D .l.5 Input Vectors
A Custom “C” program, originally authored for [8] is used to generate a chirp. This is the 
same generator which was used in the original MDLNS filterbank.
i n p u t  B N Mag F r l  F r2  F r3  . . .
Argum ent Definition
B Number of bits for the 2 ’s complement output 
(including the sign bit)
If this value is 1, the signal generated is printed in 
decimal
N Number of points to generate
Mag Magnitude of the signal
F r l First frequency 
If  negative, the beginning frequency for the chirp
F r2 Second frequency 
If negative, the ending frequency for the chirp
F r 3 , . . . Remaining frequencies
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For the improved filterbank design, first any old input signal files are deleted:
rm - f  i n p u t . l u t
And then the signal file is re-generated with the following command:
i n p u t  16 1 6 0 0 0  3 2 7 6 7  - 1  - 8 0 0 0  > i n p u t . l u t
The resulting sequence of binary test vectors are written to “ i n p u t . l u t ” .
D.l.5.1 input.c
/ *  G e n e r a t e  s i n u s o i d a l  i n p u t s  i n  b i n a r y  r e p r e s e n t a t i o n  * /
/ *  f o r  2  s i n e  w a v e s :  . / i n p u t  1 0  1 0 2 4  5 1 1  1 2 8  3 8 4  * /
/ *  f o r  c h i r p :  . / i n p u t  1 0  1 0 2 4  5 1 1  - 1  - 5 1 1  * /
# i n c l u d e  < s t d i o . h >
# i n c l u d e  < s t d l i b . h >
# i n c l u d e  < m a t h . h >
/ *  F u n c t i o n  t o  o u t p u t  b i n a r y  * /  
v o i d  b i n o u t (  i n t  v a l u e ,  i n t  s i z e  )
{
i n t  i  =  v a l u e ;  
i n t  j ,  k ;
k  =  1 < <  s i z e ;
i f (  v a l u e  <  0  )
{
i  =  v a l u e  +  k ;
}
f o r (  j  =  s i z e  -  1  ;  j  > =  0  ;  j - -  )
{
i f (  i  &  (  1 < <  j  )  )
{
p r i n t f (  " 1 "  )  ;
}
e l s e
{
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p r i n t f (  " 0 "  ) ;
}
}
p r i n t f (  " \ n "  ) ;
}
i n t  m a i n (  i n t  a r g c ,  c h a r  * a r g v [ ]  )
{
d o u b l e  * f r ;  
d o u b l e  m a g ;  
i n t  p o i n t s ;  
i n t  b i t s ;  
i n t  f r e q s ;  
i n t  i ,  j ;  
d o u b l e  t ,  * x ;  
d o u b l e  b e s t  =  - 1 ;
/ *  C h e c k  a r g u m e n t s  * /  
i f (  a r g c  <  5  )
{
f p r i n t f (  s t d e r r ,  " u s a g e :  % s  B  N  M a g  F r l  F r 2  F r 3  . . . \ n " ,  a r g v  [  0  ]  ) ;  
r e t u r n  1 ;
}
/ *  c o n v e r t  a r g u m e n t s  * /  
b i t s  =  a t o i  (  a r g v [  1  ]  ) ;  
p o i n t s  =  a t o i (  a r g v  [  2  ]  ) ;  
m a g  =  a t o f (  a r g v [  3  ]  ) ;
f r e q s  =  a r g c  -  4 ;
/ *  r e a d  i n  f r e q u e n c i e s  * /
f r  =  m a l l o c (  s i z e o f ( d o u b l e  )  *  f r e q s  ) ;
f o r t  i  =  0  ;  i  <  f r e q s  ;  i + +  )
{
f r  [  i  ] =  a t o f (  a r g v  [  4  +  i  ]  )  ;
}
/ *  P e r f o r m  c a l c u l a t i o n s  * /  
x  =  m a l l o c (  s i z e o f (  d o u b l e  )  *  p o i n t s  ) ;
f o r t  i = 0 , t = 0 ; i <  p o i n t s  ;  i + + ,  t  =  t  +  M _ P I  /  p o i n t s  )
{
/ *  F o r  a  c h i r p  * /
i f (  f r e q s  = =  2  & &  f r [  0  ]  <  0  & &  f r [  1  ]  <  0  )
{
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x [  i  ] =  sin( t  *  (  i  *  (  f  a b s  (  f r [  1  ]  )  -  f a b s  (  f r [  0  ]
f a b s ( f r  [ 0  ] ) ) ) ;
}
e l s e
/ *  E l s e ,  f o r  m u l t i p l e  s i n e  w a v e s  * /
{
X [  i  ]  =  0 ;
f o r (  j  =  0  ;  j  <  f r e q s  ;  j + +  )
{
x [  i  ]  =  x [  i  ]  +  s i n (  2  *  t  *  f r [  j  ]  ) ;
}
}
/ *  F i n d  a b s o l u t e  h i g h e s t  v a l u e  * /  
i f (  f a b s ( x [  i  ]  )  >  b e s t  )
{
b e s t  =  f a b s (  x [  i  ]  ) ;
}
}
f r e e (  f r  ) ;
/ *  O u t p u t  d a t a  * /
f o r (  i  =  0  ;  i  <  p o i n t s  ;  i + +  )
{
/ *  S c a l e  f o r  l a r g e s t  v a l u e  * /  
x [  i  ]  =  x [  i  ]  /  b e s t  *  m a g ;
i f (  b i t s  <  2  )
{
p r i n t f (  " % 1 5 . 1 5 e \ n " ,  x [  i  ]  ) ;
}
e l s e
{
b i n o u t (  (  i n t  )  x [  i  ] ,  b i t s  ) ;
}
}
f r e e (  x  ) ;  
r e t u r n  0 ;
}
)  /  p o i n t s  +
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D.l.5.2 Makefile for input.c
Since this program is intended to be run on a UNIX workstation, only the UNIX makefile 
is provided.
#  S o l a r i s  M a k e f i l e  f o r  i n p u t  w a v e  u t i l i t y
#  F o r  h i g h  s p e e d  o p e r a t i o n  u s i n g  t h e  F o r t e  c o m p i l e r  
C C  =  c c  - x C C  - f a s t  - x 0 5
#  F o r  d e b u g g i n g  w i t h  g c c  
# C C  =  g c c  - g
#  F o r  b e t t e r  m a t h  p e r f o r m a n c e  u s e  t h i s  l i n k  w i t h  F o r t e
#  T h e  p a t h  m a y  h a v e  t o  b e  c h a n g e d
L I N K F  =  - L / C M C / v l s i / w o r k s h o p / S U N W s p r o / S C 5 . 0 / l i b  - l m o p t  - l m  - l c o p t
a l l  :  i n p u t
i n p u t :  i n p u t . o
$ ( C C )  - o  $ @  i n p u t . o  $ ( L D F L A G S )  $ ( L I N K F )
c l e a n :
r m  - f  c o r e  i n p u t  i n p u t . o
D.1.6 Encoding the Coefficients for Verilog
Now that the coefficients have been generated they must be encoded to work with the 
Verilog simulation. To do this, a script, m a k e c o e f  s  . sh , was created that would extract 
only the coefficients which are needed from the “c o e f  s  . o u t . t x t ” file (an ASCII file, 
generated by “anybase”, containing the indices of all the coefficients).
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m a k e c o e f s . s h  i n p u t f i l e  o u t p u t f i l e  b a n k s  s i g n m o d e
Name/Argument Definition
i n p u t f i l e Input ASCII coefficient file from optbase or 
anybase
o u t p u t f i l e Output file that will contain “includable” Verilog 
code for simulation
b a n k s The number of banks in the filterbank
s ig n m o d e Sign mode: - z for 2 bits sign (i.e., 0 1  for 
positive, 1 1  for negative, 0  0  for zero)
-n z  for 1 bit sign (i.e., 0  for positive, 1  for 
negative, lowest secondbase index for zero)
For the case of the improved filterbank, the follow command is used:
m a k e c o e f s . s h  c o e f s . o u t . t x t  c o e f t a b l e _ i n c l u d e . v  8  - n z
The “c o e f  s  . o u t . t x t ” file is read and the duplicate coefficient entries are skipped as 
well as the higher frequency filterbanks. The “c o e f t a b l e _ i n c l u d e . v ” file is 
generated which will be used in the coefficient storage Verilog code in the next section. 
Eight filterbanks are specified (the number of coefficients are not necessary as they are 
derived from the file length) and the - n z  flag is used to generate 1 bit sign data.
D.l.6.1 makecoefs.sh
# ! / b i n / s h
i f  t e s t  $ #  - I t  3 ;  t h e n
e c h o  " u s a g e :  $ 0  i n p u t f i l e  o u t p u t f i l e  b a n k s  z e r o f l a g "  1 > & 2
e c h o  " i n p u t f i l e  =  i n p u t  c o e f s  t x t  f i l e  f r o m  a n y b a s e / o p t b a s e "  1 > & 2
e c h o  " o u t p u t f i l e  =  o u t p u t  f i l e  t h a t  w i l l  c o n t a i n  v e r i l o g
' i n c l u d a b l e '  s t a t m e n t s "  1 > & 2  
e c h o  " b a n k s  =  n u m b e r  o f  b a n k s  i n  t h e  c o e f f i c i e n t  f i l e "  1 > & 2
e c h o  " z e r o f l a g  =  - z  ( 2  b i t  s i g n )  o r  - n z  ( 1  b i t  s i g n ) "  1 > & 2
e x i t
f i
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#  T e l l  u s e r  w e  a r e  r u n n i n g  
e c h o  R u n n i n g :  $ 0  $ *  1 > & 2
#  C o p y  t h e  p a r a m e t e r s  i n t o  v a r i a b l e s  w i t h  d e c e n t  n a m e s  
i n p u t = $ l
o u t p u t = $ 2
b a n k s = $ 3
Z M O D E = $ 4
#  D e t e r m i n e  s i g n  m o d e
i f  [  " X $ Z M 0 D E "  =  " X "  ] ;  t h e n
T W O B I T M O D E = 1  
e l s e
i f  [  " $ Z M 0 D E "  =  " - z "  ] ;  t h e n  
T W 0 B I T M 0 D E = 1  
e l i f  [  " $ Z M 0 D E "  =  " - n z "  ] ;  t h e n  
T W O B I T M O D E = 0  
e l s e
e c h o  S i g n  m o d e  i n v a l i d ,  u s e  e i t h e r  - z  o r  - n z  l > & 2  
e x i t
f i
f i
#  D e f i n e  s o m e  t o o l s  
C O M M A N D _ c a t = / u s r / b i n / c a t  
C O M M A N D _ n a w k = / u s r / b i n / n a w k  
C O M M A N D _ t r = / u s r / b i n / t r  
C O M M A N D _ t o b i n a r y = . / t o b i n a r y  
C O M M A N D _ w c = / u s r / b i n / w c  
C O M M A N D _ r m = / u s r / b i n / r m
u n i q u e c o e f s = ' $ C O M M A N D _ w c  - 1  $ i n p u t  | $ C O M M A N D _ n a w k  ' \  
{ \
a  =  i n t ( (  $ 1  / b a n k s  )  /  2
b  =  (  a  * 2  +  1 )  *  b a n k s ; \
i f (  $ 1  ! = b  ) \
{ \
a  =  0  ;  \
} \
e l s e \
{ \
c l  =  c l  + l ;  \
} \
p r i n t  a ; \
} \
'  b a n k s = $ b a n k s '
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#  S t o p  i f  t h e  c o e f f i c e n t s  i s n ' t  d i v i s a b l e  b y  t h e  n u m b e r  o f  b a n k s  
i f  t e s t  $ u n i q u e c o e f s  - e q  0 ;  t h e n
e c h o  " T h e r e  d o e s n ' t  a p p e a r  t o  b e  $ b a n k s  i n  t h e  f i l e  ' $ i n p u t ' . "  1 > & 2
e x i t
f i
$ C O M M A N D _ r m  - f  $ o u t p u t
t o b i n a r g s = ' $ C O M M A N D _ c a t  $ i n p u t  | $ C O M M A N D _ n a w k  ' \
B E G I N \
{ \
f o r ( i = 0 ; i < 3 ; i = i + l ) \
{ \
m i n [  i  ]  =  - 1 ; \
m a x [  i  ]  =  1 ; \
} \  
} \  
{ \
f o r (  i  =  1  ;  i  < =  N F  ;  i  =  i  +  1  ) \
{ \
i f (  $ i  <  m i n [  (  i  -  1  )  %  3  ]  )  m i n [  (  i  -  1  )  %  3  ]  =  $ i ; \
i f (  $ i  >  m a x [  (  i  -  1  )  %  3  ]  )  m a x [  (  i  -  1  )  %  3  ]  =  $ i ; \
} \
n d  =  N F  /  3 ; \
} \
E N D \
{ \
1 2  =  l o g (  2  ) ; \
b l  =  -  (  m a x v a l (  c e i l  (  l o g (  -  m i n t  1  ]  )  /  1 2  )  ,  f l o o r (  l o g (  m a x [  1  ]  ) 
+  1  )  +  1 ) ; \
b 2  =  -  (  m a x v a l (  c e i l (  l o g (  -  m i n t  2 ]  ) /  1 2  ) ,  f l o o r (  l o g (  m a x [  2  ]  ) 
+  1  )  +  1 ) ; \  
i f (  t b m  ) \
{ \
b O  =  - 2 ; \
} \
e l s e \
{ \
b o  =  1 ; \
} \
s  =  b O "  " b l "  " b 2 ; \
f o r t  i  =  1 ;  i < = n d ;  i  =  i  +  1  ) \
{ \
p r i n t f  " % s " ,  s ; \  
i f (  i  = =  n d ) \
{ \
p r i n t f  " \ n " ; \
} \
e l s e
{ \
p r i n t f  "  " ;  \
} \  
} \  
} \
f u n c t i o n  f l o o r (  a  ) \
{ \
/  1 2  )  
/  1 2  )
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r e t u r n  i n t (  a  ) ; \
} \
f u n c t i o n  c e i l (  a  ) \
( \
b  =  i n t (  a  ) ; \  
i f (  b  = =  a  )
{ \
r e t u r n  a ; \
} \
e l s e \
{ \
r e t u r n  (  b  +  1  ) ; \
} \  
} \
f u n c t i o n  m i n v a l ( a ,  b  ) \
{ \
c  =  a ;  \  
i f (  b  <  a  )
{ \
C  =  b ;  \
} \
r e t u r n  c ; \
} \
f u n c t i o n  m a x v a l (  a ,  b  ) \
{ \
c  =  a ;  \  
i f f  b  >  a  )  \
{ \
C  =  b ;  \
} \
r e t u r n  c ; \
} \
' t b m =  $ T W O B I T M O D E '
e c h o  " T h e  b i t  w i d t h s  o f  t h e  t a b l e  a r e :  $ t o b i n a r g s "  1 > & 2
$ C O M M A N D _ c a t  $ i n p u t  | $ C O M M A N D _ n a w k  ' \
B E G I N \
{ \
P = 0; \
S  =  0 ;  \  
m  =  1 ;  \  
r  =  1 ;  \
} \  
{ \
i f (  r  >  (  r s  /  2  )  ) \
{ \
c o n t i n u e ; \
} \
i f f  m  = =  1  ) \
{ \
i f f  p  <  p s  ) \
{ \
p r i n t  $  0  ;  \
p  =  p  +  1 ; \
} \
e l s e \
{ \
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s  =  1 ; \  
m  =  -  m ;  \
} \  
} \
e l s e \
{ \
i f  (  s  <  ( p s  -  1  )  ) \
( \
S  =  S  +  1  ; \
} \
e l s e \
{ \
r  =  r  +  1 ;  \
i f (  r  < =  (  r s  /  2  )  ) \
{ \
p r i n t  $ 0 ; \
P  =  1 ;  \  
m  =  -  m ;  \
} \  
} \  
} \  
} \
'  p s = $ u n i q u e c o e f s  r s = $ b a n k s  | \  
$ C O M M A N D _ t o b i n a r y  $ t o b i n a r g s  | \  
$ C O M M A N D _ t r  - d  ' \ t '  | \
$ C O M M A N D _ n a w k  ' \
B E G I N \
{ \
i  =  0 ;  \
} \  
{ \
p r i n t  " r o m [ " i " ] = " l e n g t h ( $ 0 ) " % b " $ 0 " ; \  
i  =  i  +  1 ; \
} \
'  I \
$ C O M M A N D _ t r  " % "  >  $ o u t p u t
D.1.7 Binary to 2DLNS Converter
The original filterbank used a preliminary Binary to 2DLNS High/Low Converter. For the 
improved filterbank, the same architecture will be used. Here, we can use the Binary to 
2DLNS convert tools (See B .l "Binary to 2DLNS Conversion" on page 429).
First we remove any old converter code:
rm - f  s e r i a ! 2 d i g i t h i g h l o w . v
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Next, the converter code is generated with:
m a k e s e r i a l 2 d i g i t h i g h l o w . s h  32 76 8 - 1 3 m n 2 u n z . o u t  16 6 5 3 2 1 
- n z  > s e r i a l 2 d i g i t h i g h l o w . v
The base from the optbase software, “32768-13mn2unz.out”, is used for the converter. As 
in the original filterbank, a 16 bit input is set with a 6 -bit range on the firstbase index and a 
5-bit range on the secondbase index. Unlike the original filterbank, a reserve of 3-bits is 
used (instead of 2) for the coefficients to avoid MDLNS multiplication overflow. Two- 
digits is set with an extra accuracy bit, and one-bit sign mode.
Once this code is generated, the testbench in it is removed as its Verilog timescale 
command will conflict with the filterbank testbench.
D.1.8 2DLNS to Binary Converter
Since the filterbank architecture multiplies the data and coefficient representations in 
MDLNS but accumulates in a standard binary system, a MDLNS to binary conversion 
module will be needed. Again, the tools generated in this thesis are used to do this (B.2 
"2DLNS to Binary Conversion" on page 579).
First, any old code is deleted:
rm - f  c o n v e r t 2 d l n s t o b i n a r y . v
The converter code is then generated:
m a k e c o n v e r t 2 d l n s t o b i n a r y . s h  3 2 7 6 8 - 1 3 m n 2 u n z . o u t  16 6 5 2 
- n z  - s  > c o n v e r t 2 d l n s t o b i n a r y . v
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As in the Binary to 2DLNS converter, the same base reference file is used. Here, 16-bit 
output is selected with a 6 -bit firstbase range and a 5-bit secondbase range. Two bits are 
selected for the extra “fractional” output. This could be increased to improved the 
accuracy of the filterbank. Lastly, a one bit sign is selected along with absolute output with 
a sign bit.
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D.2 Filter Code
Unlike the converter and addition/subtraction Verilog Code, the Improved Filterbank code 
is not generated for particular parameters. It has been manually coded for the particular 
filter specifications, however, it remains easily adjustable. Parameters are used to limit the 
amount of changes if the filterbank specifications were to change. If any changes are 
needed, they should only be applied to the testbench and controller code.
The Improved Filterbank is coded into a series o f Verilog files. This limits the amount of 
code by using a simple design hierarchy. Only the main controller uses a clock signal 
while all the other modules do not. This will slow down simulation, but allows a greater 
ability to modify the coding and scheduling of processes.
The Improved Filterbank eliminates the need for dual port memories by storing the new 
data value in the memory at the same time it is processed. The data values are processed 
from newest to oldest to facilitate this feature.
D.2.1 Simulation Output
During simulation there may be numerous messages from Verilog. The actual output is 
proceed by a “+” marker at the beginning of the line. The next value is the filterband, in 
this case between 0 and 7. The last value is the actual filter output.
Example Output in Binary 
+  0 0 0 0  0 0 1 1 0 0 1 1 0 0 0 0 0 1 0 1 0  
Output in Decimal 
0 26122
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D.2.2 Running the Improved Filterbank
Running the Improved Filterbank process is a simple one line command. Before 
performing all the stream processing, Verilog should be run to make sure there are no 
errors and that there are no constant DONT-CARE output.
This simulation can take several hours to run, so it is wise to make sure it will, at least, 
work properly.
First we remove any old simulation output: 
rm - f  s i r a u l a t i o n o u t p u t  
Next, we run the simulation:
v e r i l o g  - y  . + l i b e x t + . v  t e s t . v  | g r e p  - v  "x"  |
g r e p  " A\ + "  > s i m u l a t i o n o u t p u t
The “ - y  . ” parameter tells Verilog to look in the current directory for any additional 
library elements. The “+ l i b e x t + . v ” parameter tells Verilog to form any unknown 
library reference to a the module name plus a “ . v ” extension. This allows us to name are 
modules as “ . v ” files. The first pipe is a GREP command to remove any output with a 
DONT-CARE value. Another GREP is used to only process lines with a leading “+” 
marker. The final output is saved to “ s i m u l a t i o n o u t p u t ” for later processing.
D .2 .3  T es t B e n c h  
D.2.3.1 test.v
/ /  D e f i n e  m a i n  m o d u l e  
m o d u l e  t e s t ;
/ /  D e f i n e  c l o c k  
r e g  C K ;
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/ /  D e f i n e  I / O  r e g i s t e r s  f o r  f i l t e r b a n k  
r e g  [  1 5  :  0  ]  b i n a r y i n ;  
r e g  r e s e t ;
w i r e  i r e a d y ,  o r e a d y ;
w i r e  [ 1  :  0  ]  o u t b a n k ;
r e g  [ 3 : 0 ]  o u t b a n k l o w ,  o u t b a n k h i g h ;
w i r e  [  1 6  : 0  ]  o u t l o w ,  o u t h i g h ;
p a r a m e t e r  b a n k s  =  8 ;  
p a r a m e t e r  c o e f s  =  7 5 ;  
p a r a m e t e r  i n p u t s  =  1 6 0 0 0 ;
/ /  D e f i n e  M e m o r y  t a b l e  f o r  t e s t  v e c t o r s  
r e g  [  1 5  :  0  ]  d a t a i n [  0  :  i n p u t s  -  1  ] ;
/ /  D e f i n e  s o m e  c o u n t e r s  
i n t e g e r  i n c ,  t o t a l ;
c o n t r o l l e r  
c o n  (
C K ,
r e s e t ,
i r e a d y ,
b i n a r y i n ,
o r e a d y ,
o u t b a n k ,
o u t l o w ,
o u t h i g h
)  ;
/ /  I n i t i a l i z a t i o n  r o u t i n e
i n i t i a l
b e g i n
/ /  D i s a b l e  V e r i l o g  o u t p u t  l o g s  
$ n o k e y ;
$ n o l o g ;
/ /  R e a d  i n  t h e  t e s t  v e c t o r s
$ r e a d m e m b (  " i n p u t . l u t " ,  d a t a i n ,  0 ,  i n p u t s  -  1  ) ;
/ /  I n i t i a l i z e  c l o c k  
C K  =  1 ;
/ /  I n i t i a l i z e  o t h e r  v a r i a b l e s
r e s e t  =  1 ;
i n c  =  0 ;
t o t a l  =  0 ;
b i n a r y i n  =  0 ;
e n d
/ /  I n v e r t  c l o c k  e v e r y  1 0 4  t i m e  u n i t s  (  1 0 4 n s  =  1  /  (  1 6 0 0 0
a l w a y s
b e g i n
# 1 0 4  C K  =  !  C K ;
3 0 0 )  /  2  )
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e n d
/ /  T u r n  o f f  r e s e t  a f t e r  3 1 2  t i m e  u n i t s  ( 1  1 / 2  c l o c k s )
a l w a y s
b e g i n
# 3 1 2  r e s e t  =  0 ;
e n d
/ /  P l a c e  n e w  d a t a  
a l w a y s  @ (  p o s e d g e  C K  ) 
b e g i n
/ /  W h e n  f i l t e r b a n k  i s  r e a d y
i f (  i r e a d y  = =  1  )
b e g i n
/ /  L o a d  i n  n e w  d a t a  ( l i m i t  i n p u t )  
b i n a r y i n  =  d a t a i n [  i n c  %  i n p u t s  ] ;
/ /  I n c r e m e n t  m e m o r y  p o i n t e r  
i n c  =  i n c  +  1 ;
/ /  I n c r e m e n t  s t o p p i n g  p o i n t e r  
t o t a l  =  t o t a l  +  1 ;
/ /  S t o p  s i m u l a t i o n  w h e n  a l l  d a t a  h a s  g o n e  t h r o u g h
i f (  t o t a l  = =  i n p u t s  +  c o e f s  )
b e g i n




a l w a y s  @ (  p o s e d g e  C K  )  
b e g i n
/ /  W h e n  d a t a  i s  a v a i l a b l e
i f (  o r e a d y  = =  1  )
b e g i n
/ /  A s s i g n  t o  r e g i s t e r s  t o  k e e p  o u t p u t  r e a s o n a b l e
o u t b a n k l o w  =  o u t b a n k ;
o u t b a n k h i g h  =  b a n k s  -  o u t b a n k  -  1 ;
/ /  O u t p u t  i n  a  f o r m a t  w e  c a n  u s e
$ d i s p l a y (  " + \ t % b \ t % b " ,  o u t b a n k l o w ,  o u t l o w  ) ;
$ d i s p l a y (  " + \ t % b \ t % b " ,  o u t b a n k h i g h ,  o u t h i g h  ) ;
e n d
e n d
e n d m o d u l e
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D.2.4 FilterBank Code 
D.2.4.1 controller.v
m o d u l e  c o n t r o l l e r (
C K ,
r e s e t ,
i r e a d y ,
b i n a r y i n ,
o r e a d y ,
o u t b a n k ,
o u t l o w ,
o u t h i g h
)  ;
/ /  F i l t e r b a n k  p a r a m e t e r s  ( m u s t  m a t c h  a l l  g e n e r a t e  c o n v e r t  c o d e )
/ /  N u m b e r  o f  f i l t e r b a n d s  ( 8 / 2  =  4 )  
p a r a m e t e r  m a x b a n k s  =  4 ;
/ /  F i l t e r b a n d s  m i n u s  o n e  
p a r a m e t e r  m a x b a n k s m l  =  m a x b a n k s  -  1 ;
/ /  F i l t e r  o r d e r  
p a r a m e t e r  o r d e r  =  7 4  +  1 ;
/ /  F i l t e r  o r d e r  o v e r  t w o  p l u s  o n e  
p a r a m e t e r  n o 2 p l  =  ( o r d e r  > >  1  )  + 1 - 1 ;
/ /  S y m m e t r y  p a r a m e t e r ,  0  f o r  e v e n ,  1  f o r  o d d  
p a r a m e t e r  s y m  =  0 ;
/ /  I n p u t  b i t s  ( 2 ' s  c o m p l e m e n t )  
p a r a m e t e r  i n p u t b i t s  =  1 6 ;
/ /  O u t p u t  b i t s  ( 2 ' s  c o m p l e m e n t )  u s u a l l y  o n e  m o r e  t h a n  i n p u t  s i n c e  t h e r e  
/ /  c a n  b e  s o m e  o v e r f l o w  
p a r a m e t e r  o u t p u t b i t s  =  1 7 ;
/ /  E x t r a  p r e c i s i o n  b i t s  u s e d  i n  a d d i t i o n / c o n v e r s i o n  
p a r a m e t e r  e x t r a b i t s  =  2 ;
/ /  C o e f f i c i e n t  f i r s t b a s e  b i t s  
p a r a m e t e r  c o e f l b i t s  =  6 ;
/ /  C o e f f i c i e n t  s e c o n d b a s e  b i t s  
p a r a m e t e r  c o e f 2 b i t s  =  3 ;
/ /  D a t a  f i r s t b a s e  b i t s  
p a r a m e t e r  d a t a l b i t s  =  6  ;
/ /  D a t a  s e c o n d b a s e  b i t s  
p a r a m e t e r  d a t a 2 b i t s  =  5 ;
/ /  D e f i n e  p o r t s
/ /  D a t a  i s  p r o c e s s e d  o n  r i s i n g  e d g e  
/ /  I n p u t  c l o c k  
i n p u t  C K ;
/ /  R e s e t  ( a c t i v e  h i g h )  
i n p u t  r e s e t ;
/ /  I n p u t  s i g n a l
i n p u t  [  i n p u t b i t s  - 1 : 0 ]  b i n a r y i n ;
/ /  " R e a d y  t o  r e c e i v e "  o u t p u t  s i g n a l  
o u t p u t  i r e a d y ;  
r e g  i r e a d y ;
/ /  " D a t a  r e a d y "  o u t p u t  s i g n a l
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o u t p u t  o r e a d y ;  
r e g  o r e a d y ;
/ /  " B a n k "  s i g n a l  
o u t p u t  [ 1 : 0 ]  o u t b a n k ;  
r e g  [ 1 : 0 ]  o u t b a n k ;
/ /  " L o w "  a n d  " H i g h "  f i l t e r  o u t p u t s  
o u t p u t  [  o u t p u t b i t s  - 1 : 0 ]  o u t l o w ,  o u t h i g h ;
/ /  r e g  [  o u t p u t b i t s  - 1 : 0 ]  o u t l o w ,  o u t h i g h ;
/ /  b a n k  c o u n t e r  
r e g  [ 1 : 0 ]  b a n k ;
/ /  e n d  o f  b a n k  s i g n a l  
r e g  b a n k m ;
/ /  C o e f f i c i e n t  r e g i s t e r s
/ /  A d d r e s s  b i t s  f o r  c o e f f i c i e n t  m e m o r y  ( 1 5 2  c o e f s  ~ =  8  b i t s )  
p a r a m e t e r  c o e f a d d r b i t s  =  8 ;
p a r a m e t e r  c o e f d a t a b i t s  =  (  c o e f l b i t s  +  c o e f 2 b i t s  +  1  )  *  2 ;  
r e g  c o e f u p ;
r e g  [  c o e f a d d r b i t s  -  1
r e g  [  c o e f a d d r b i t s  -  1
w i r e  [  c o e f d a t a b i t s  -  1  
r e g  c o e f c e z ,  c o e f c e n ;  
r e g  h i g h s i g n ;
/ /  D a t a  r e g i s t e r s
/ /  A d d r e s s  b i t s  f o r  d a t a  m e m o r y  ( 7 5  ~ =  7  b i t s )  
p a r a m e t e r  d a t a a b i t s  =  7 ;
p a r a m e t e r  d a t a d b i t s  =  (  d a t a l b i t s  +  d a t a 2 b i t s  +  1  )  *  2 ;  
r e g  d a t a o e ,  d a t a w e ;
r e g  [  d a t a a b i t s  - 1 : 0 ]  d a t a a ,  d a t a a _ s t a r t ;
r e g  [  d a t a a b i t s  - 1 : 0 ]  d a t a a _ a s y n c ;
w i r e  [  d a t a d b i t s  - 1 : 0 ]  d a t a i ,  d a t a o ;
r e g  [ o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0 ]  c h a n n e l l o w ,  c h a n n e l h i g h ;
r e g  [  o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0 ]  t e m p l 2 ,  t e m p 3 4 ,  t e m p l 2 3 4 ,  t e m p i ,  t e m p h ;
w i r e  [  o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0 ]  o u t l ,  o u t 2 ,  o u t 3 ,  o u t 4 ;
w i r e  s i ,  s 2 ,  S 3 ,  s 4 ;
r e g  c o n v a c t ;
w i r e  c o n v r e a d y ;
w i r e  [ 1 : 0 ]  c o n v o u t p u t _ s ;
w i r e  [  (  d a t a l b i t s  *  2  )  - 1 : 0 ]  c o n v o u t p u t _ b ;
w i r e  [  (  d a t a 2 b i t s  *  2  )  - 1 : 0 ]  c o n v o u t p u t _ t ;
/ /  I n s t a n t i a t e  B i n a r y  t o  2 D L N S  c o n v e r t e r  ( n o  p a r a m e t e r s )  
s e r i a l 2 d i g i t h i g h l o w  
s e r i a l (
C K ,
r e s e t ,  
c o n v a c t ,  
b i n a r y i n ,  
c o n v r e a d y ,  
c o n v o u t p u t _ s ,
:  0  ]  c o e f a ,  c o e f a _ s t a r t ,  c o e f c ;  
:  0  ]  c o e f a _ a s y n c ;
:  0  ]  c o e f d ;
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c o n v o u t p u t _ b ,  
c o n v o u t p u t _ t
)  ;
/ /  I n s t a n t i a t e  c o e f f i c i e n t  R O M  
c o e f t a b l e  
# (
c o e f a d d r b i t s ,
c o e f d a t a b i t s
)
c t  (
C K ,
c o e f a _ a s y n c ,  
c o e f d
)  ;
/ /  I n s t a n t i a t e  d a t a  R A M  
d a t a t a b l e  
# (
d a t a a b i t s ,  
d a t a d b i t s
)
d t  (
C K ,
d a t a a _ a s y n c ,  
d a t a i ,  
d a t a o ,  
d a t a o e ,  
d a t a w e
)  ;
/ /  U s e  V e r i l o g  d e f i n e  t o  r e d u c e  d u p l i c a t i o n  f o r  M D L N S  m u l t i p l i e r  i n s t a n t i a t i o n
' d e f i n e  m d l n s u n i t  m d l n s m u l t  
' d e f i n e  m d l n s p a r a m s
# ( c o e f l b i t s , c o e f 2 b i t s , d a t a l b i t s , d a t a 2 b i t s , o u t p u t b i t s , e x t r a b i t s )
/ /  T h e  f o l l o w i n g  c h a n n e l  i n s t a n t i a t i o n  i s  f o r m a t t e d  f o r  a  w i d e  t e r m i n a l
/ /  I n s t a n t i a t e  f i r s t  c h a n n e l  
' m d l n s u n i t  ' m d l n s p a r a m s  
m c l d l (
c o e f d [  1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :  c o e f l b i t s  
+  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  0  ] ,
c o e f d [  c o e f l b i t s  +  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :
c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  0  ] ,
c o e f d [  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :
1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  0  ] ,
d a t a o [  1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  : d a t a l b i t s  
+  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  0  ] ,
d a t a o [  d a t a l b i t s  +  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  0  ]  ,
d a t a o  [  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  0  ]  ,
o u t l ,  
s i
> ;
/ /  I n s t a n t i a t e  s e c o n d  c h a n n e l
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' m d l n s u n i t  ' m d l n s p a r a m s  
m c l d 2 (
c o e f d [  1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  
+  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  0  ] ,
c o e f d [  c o e f l b i t s  +  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :
c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  0  ] ,  
c o e f d  [  c o e f 2 b i t s  +  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :
1  +  c o e f l b i t s  +  c o e f 2 b i t s  +  0  ]  ,
d a t a o  [  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
]  ,
d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
d a t a l b i t s  
d a t a o [  
d a t a 2 b i t s  
d a t a o [
0  ]  ,  
o u t  2 ,  
s 2
d a t a 2 b i t s  +  
0  3 ,
d a t a 2 b i t s
1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1
0  ]  ,
c o e f l b i t s  +  c o e f 2 b i t s
c o e f 2 b i t s
/ /  I n s t a n t i a t e  t h i r d  c h a n n e l  
' m d l n s u n i t  ' m d l n s p a r a m s  
m c 2 d l (  
c o e f d [
c o e f l b i t s  +  c o e f 2 b i t s  +  
c o e f d [ 
c o e f 2 b i t s  +  0  ]  ,  
c o e f d [
0  ]  ,
d a t a o [  1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  
+  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  0  ] ,
d a t a o [  d a t a l b i t s  +  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1
d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  0  ]  ,
d a t a o  [  d a t a 2 b i t s  +  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
1  +  d a t a l b i t s  +  d a t a 2 b i t s  +  0  ] ,
o u t 3 ,  
s 3
/ /  I n s t a n t i a t e  f o r t h  c h a n n e l  
' m d l n s u n i t  ' m d l n s p a r a m s  
m c 2 d 2 (
c o e f d [  1  +  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :
c o e f l b i t s  +  c o e f 2 b i t s  +  0  ] ,  
c o e f d  [  c o e f l b i t s  +  c o e f 2 b i t s  -  1  :
c o e f 2 b i t s  +  0  ] ,  
c o e f d [  c o e f 2 b i t s  -  1  :
0  ] ,
d a t a o  [  1  +  d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
d a t a l b i t s  +  d a t a 2 b i t s  +  0  ]  ,  
d a t a o [  d a t a l b i t s  +  d a t a 2 b i t s  -  1  :
d a t a 2 b i t s  +  0  ] ,  
d a t a o [  d a t a 2 b i t s  -  1  :
0  ]  ,  
o u t 4  ,
S 4
)  ;
/ /  M e r g e r  t h e  c o n v e r t e r  o u t p u t  i n t o  a  s i n g l e  w o r d  f o r  t h e  m e m o r y  
a s s i g n  d a t a i  =  {  c o n v o u t p u t _ s [  0  ] ,  c o n v o u t p u t _ b [  d a t a l b i t s  - 1 : 0 ]  
c o n v o u t p u t _ t [  d a t a 2 b i t s  -  1  :  0  ] ,  c o n v o u t p u t _ s [  1  ] ,  c o n v o u t p u t j
c o e f l b i t s
d a t a l b i t s
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d a t a l b i t s  *  2  -  1  :  d a t a l b i t s  ] ,  c o n v o u t p u t _ t [  d a t a 2 b i t s  *  2  -  1  :  d a t a 2 b i t s  
]  } ;
/ /  s e t  h i g h s i g n  t o  1  w h e n  h i g h  f i l t e r  o u t p u t  m u s t  b e  n e g a t e d  
/ /  u s e  c o e f f i c i e n t  c o u n t e r  a n d  s y m m e t r y  p a r a m e t e r  
a l w a y s  @ (  c o e f c  )  
b e g i n
h i g h s i g n  =  (  c o e f c  [  0  ]  = =  s y m  )  ?  1  :  0 ;  
e n d
/ /  s e t  c o e f c e z  t o  1  w h e n  t h e  c o e f f i c i e n t  c o u n t e r  i s  z e r o
/ /  s e t  c o e f c e n  t o  1  w h e n  t h e  c o e f f i c i e n t  m i d p o i n t  i s  r e a c h e d
a l w a y s  © (  c o e f c  )  
b e g i n
c o e f c e z  =  (  c o e f c  = =  0  )  ?  1  :  0 ;
c o e f c e n  =  (  c o e f c  = =  n o 2 p l  )  ?  1  :  0 ;
e n d
/ /  s e t  b a n k  t o  1  w h e n  t h e  l a s t  b a n k  i s  r e a c h e d
a l w a y s  @ (  b a n k  )
b e g i n
b a n k m  =  (  b a n k  = =  m a x b a n k s m l  )  ?  1  :  0 ;  
e n d
/ /  A s y n c h r o n o u s  c o d e  t o  i n t e r f a c e  p r o p e r l y  w i t h  t h e  " r e a l "  m e m o r y  d e v i c e s  
a l w a y s  @ (  c o e f u p  o r  c o e f c e z  o r  c o e f c e n  o r  b a n k m  o r  d a t a a  o r  d a t a a _ s t a r t  o r  c o e f a  
o r  c o e f a _ s t a r t  )  
b e g i n :  a s y n c
/ /  C o m m a n d s  f o r  s y n o p s y s  t o  s h a r e  c e r t a i n  r e s o u r c e s  
/ /  s y n o p s y s  r e s o u r c e  T O  :  o p s  =  " X 0  X I  X 2  X 3 " ;
/ /  s y n o p s y s  r e s o u r c e  T 1  :  o p s  =  " Y 0  Y 2  Y 3 " ;
/ /  A l w a y s  e n a b l e  d a t a  o u t  o n  R A M  ( o n e  p o r t  f o r  i n p u t ,  o n e  f o r  o u t p u t )  
d a t a o e  =  1 ;
/ /  A r e  w e  p r o c e s s i n g  t h e  l o w e r  p o r t i o n  o f  t h e  c o e f f i c i e n t s  
/ /  B e l o w  o r d e r  /  2  
i f (  c o e f u p  = =  1  ) 
b e g i n
/ /  D e c r e m e n t  d a t a  R A M  a d d r e s s
d a t a a _ a s y n c  =  d a t a a  -  1 ;  / /  s y n o p s y s  l a b e l  Y 0
/ / N o  w r i t e  t o  d a t a  R A N  
d a t a w e  =  0 ;
/ /  D i d  w e  r e a c h  t h e  l a s t  c o e f f i c i e n t
i f  ( c o e f c e n  = =  1  )
b e g i n
/ /  D e c r e m e n t  c o e f f i c i e n t  a d d r e s s  
c o e f a _ a s y n c  =  c o e f a  -  1 ;  / /  s y n o p s y s  l a b e l  X 0
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e n d
e l s e
b e g i n
/ /  N o t  t h e  l a s t  c o e f f i c i e n t
/ /  I n c r e m e n t  c o e f f i c i e n t  a d d r e s s  
c o e f a _ a s y n c  =  c o e f a  +  1 ;  / /  s y n o p s y s  l a b e l  X I
e n d
e n d
e l s e
b e g i n
/ /  C o e f f i c i e n t  p r o c e s s  i s  d o w n w a r d s
/ /  W h e n  t h e  c o e f f i c e n t  c o u n t e r  i s  z e r o ,  t h i s  f i l t e r b a n d  i s  d o n e
i f (  c o e f c e z  = =  1  )
b e g i n
/ /  I f  t h i s  i s  t h e  l a s t  b a n k  . . .
i f  (  b a n k m  = =  1  )
b e g i n
c o e f a _ _ a s y n c  =  0 ;
d a t a a _ a s y n c  =  d a t a a _ s t a r t  + 1 ;  / /  s y n o p s y s  l a b e l  Y 2  
d a t a w e  =  1 ;
e n d
e l s e
b e g i n
/ /  N o t  t h e  l a s t  b a n k
/ /  S e t  c o e f f i c i e n t  p o i n t e r  t o  n e x t  s e t  
c o e f a _ a s y n c  =  c o e f a _ s t a r t  +  1 ;  / /  s y n o p s y s  l a b e l  X 2
/ /  R e s e t  t h e  d a t a  p o i n t e r  t o  t h e  e n d  
d a t a a _ a s y n c  =  d a t a a _ s t a r t ;
/ /  S e t  n o  w r i t e  o n  t h e  R A M  
d a t a w e  =  0 ;
e n d
e n d
e l s e
b e g i n
/ /  C o e f f i c e n t  c o u n t e r  i s  n o t  z e r o
/ /  D e c r e m e n t  c o e f f i c i e n t  a d d r e s s  
c o e f a _ a s y n c  =  c o e f a  -  1 ;  / /  s y n o p s y s  l a b e l  X 3
/ /  D e c r e m e n t  d a t a  a d d r e s s
d a t a a _ a s y n c  =  d a t a a  -  1 ;  / /  s y n o p s y s  l a b e l  Y 3
Improved MDLNS Filterbank Design Filter Code
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
750
University o f  W indsor
/ /  S e t  n o  w r i t e  o n  t h e  R A M  




/ /  S y n c h r o n o u s  C o d e ,  t r i g g e r e d  b y  t h e  C l o c k
/ /  T e l l  s y n o p s y s  t o  u s e  r e s e t  a s  a  r e s e t  s i g n a l  
/ /  s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "  
a l w a y s  @ ( p o s e d g e  C K )  
b e g i n :  m a i n
/ *  n o  s y n o p s y s
r e s o u r c e  S O  : o p s  =  " Z O  Z 1  Z 2  Z 3 " ;
* /
/ /  I n i t i a l i z e  u n d e r  r e s e t  c o n d i t i o n s
i f (  r e s e t  )
b e g i n
o r e a d y  < =  0 ;  
c o e f c  < =  - 1 ;  
c o e f a  < =  - 1 ;  
c o e f a _ s t a r t  < =  0 ;  
c o e f u p  < =  1 ;  
d a t a a  < =  1 ;  
d a t a a _ s t a r t  < =  0 ;  
b a n k  < =  0 ;  
o u t b a n k  < =  0 ;  
c o n v a c t  < =  1 ;
e n d
e l s e
b e g i n
/ /  L a t c h  t h e  c o e f f i c i e n t  a n d  d a t a  a d d r e s s e s
/ /  T h e  m e m o r i e s  w i l l  b e  d o i n g  t h e  s a m e  t h i n g  a t  t h e  s a m e  t i m e  
c o e f a  < =  c o e f a _ a s y n c ;  
d a t a a  < =  d a t a a _ a s y n c ;
/ /  a s y n c :
/ /  d a t a o e  < =  1 ;
/ /  A r e  w e  p r o c e s s i n g  t h e  l o w e r  p o r t i o n  o f  t h e  c o e f f i c i e n t s  
/ /  B e l o w  o r d e r  /  2  
i f  (  c o e f u p  = =  1  ) 
b e g i n
/ /  N o  c o n v e r s i o n  
c o n v a c t  < =  0 ;
/ / D o  n o t  r e s e t  f i n a l  f i l t e r  o u t p u t  
o r e a d y  < =  0 ;
/ /  D e c r e m e n t  d a t a  a d d r e s s
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/ /  S e t  n o  w r i t e  m o d e  
/ /  a s y n c :
/ /  d a t a a  < =  d a t a a  -  1 ;
/ /  d a t a w e  < =  0 ;
/ /  D i d  w e  r e a c h  t h e  l a s t  c o e f f i c i e n t
i f  (  c o e f c e n  = =  1  )
b e g i n
/ /  C h a n g e  t h e  c o e f f i c i e n t  p r o c e s s  o r d e r i n g  
c o e f u p  < =  0 ;
/ /  R e m e m b e r  t h e  l a s t  c o e f f i c i e n t  a d d r e s s  
c o e f a _ s t a r t  < =  c o e f a ;
/ /  D e c r e m e n t  t h e  c o e f f i c i e n t  c o u n t e r  
c o e f c  < =  c o e f c  -  1 ;  / /  s y n o p s y s  l a b e l  Z 0
/ /  D e c r e m e n t  c o e f f i c i e n t  a d d r e s s  
/ /  a s y n c :
/ /  c o e f a  < =  c o e f a  -  1 ;
e n d
e l s e
b e g i n
/ /  N o t  t h e  l a s t  c o e f f i c i e n t
/ /  K e e p  c o e f u p  a t  o n e  ( n o  l a t c h e s )  
c o e f u p  < =  1 ;
/ /  I n c r e m e n t  t h e  c o e f f i c i e n t  c o u n t e r  
c o e f c  < =  c o e f c  + 1 ;  / /  s y n o p s y s  l a b e l  Z 1
/ /  I n c r e m e n t  c o e f f i c i e n t  a d d r e s s  
/ /  a s y n c :
/ /  c o e f a  < =  c o e f a  +  1 ;
e n d
e n d
e l s e
b e g i n
/ /  C o e f f i c i e n t  p r o c e s s  i s  d o w n w a r d s
/ /  W h e n  t h e  c o e f f i c e n t  c o u n t e r  i s  z e r o ,  t h i s  f i l t e r b a n d  i s  d o n e
i f  (  c o e f c e z  = =  1  )
b e g i n
/ /  R e s e t  f i l t e r  o u t p u t  o n  n e x t  c y c l e  
o r e a d y  < =  1 ;
/ /  C h a n g e  d i r e c t i o n  o f  c o e f f i c i e n t  p r o c e s s i n g  
c o e f u p  < =  1 ;
/ /  R e s e t  c o e f f i c e n t  c o u n t e r  
c o e f c  < =  0 ;
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/ /  S a v e  t h e  b a n k  f o r  l a t e r  
o u t b a n k  < =  b a n k ;
/ /  I f  t h i s  i s  t h e  l a s t  b a n k  . . .
i f (  b a n k m  = =  1  )
b e g i n
/ /  S a v e  t h e  d a t a  a d d r e s s  s o  w e  c a n  r e s t a r t  
d a t a a _ s t a r t  < =  d a t a a _ a s y n c ;
/ /  W r i t e  c o n v e r t e r  o u t p u t  t o  R A M
/ /  a s y n c :
/ /  d a t a w e  < =  1 ;
/ /  R e s e t  t h e  b a n k  
b a n k  < =  0 ;
/ /  B e g i n  c o n v e r t i n g  n e x t  i n p u t  
c o n v a c t  < =  1 ;
e n d
e l s e
b e g i n
/ /  N o t  t h e  l a s t  b a n k
/ /  R e s e t  t h e  d a t a  p o i n t e r  t o  t h e  e n d  
/ /  S e t  n o  w r i t e  o n  t h e  R A M  
/ /  a s y n c :
/ /  d a t a a  < =  d a t a a _ s t a r t ;
/ /  d a t a w e  < =  0 ;
/ /  I n c r e m e n t  t h e  b a n k s
b a n k  < =  b a n k  + 1 ;  / /  s y n o p s y s  l a b e l  Z 3
/ /  N o  c o n v e r s i o n  
c o n v a c t  < =  0 ;
e n d
e n d
e l s e
b e g i n
/ /  N o t  t h e  l a s t  c o e f f i c i e n t
/ / D o  n o t  r e s e t  f i l t e r  a c c u m u l a t i o n  
o r e a d y  < =  0 ;
/ /  S e t  p r o c e s s i n g  d i r e c t i o n  ( n o  l a t c h e s )  
c o e f u p  < =  0 ;
/ /  D e c r e m e n t  c o e f f i c i e n t  c o u n t e r  
c o e f c  < =  c o e f c  -  1 ;  / /  s y n o p s y s  l a b e l  Z 2
/ /  N o  c o n v e r s i o n  
c o n v a c t  < =  0 ;
/ /  D e c r e m e n t  c o e f f i c i e n t  a d d r e s s
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/ /  D e c r e m e n t  d a t a  a d d r e s s  
/ /  N o  d a t a  w r i t e s  
/ /  a s y n c :
/ /  c o e f a  < =  c o e f a  -  1 ;
/ /  d a t a a  < =  d a t a a  -  1 ;





/ / s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "  
a l w a y s  @  ( p o s e d g e  C K )  
b e g i n :  r e a d y
/ /  D e l a y  i r e a d y  l i n e  b y  o n e  c l o c k  u n l e s s  u n d e r  r e s e t
i f (  r e s e t  )
b e g i n
i r e a d y  < =  1 ;
e n d
e l s e
b e g i n
i r e a d y  < =  c o n v a c t ;
e n d
e n d
/ / s y n o p s y s  s y n c _ s e t _ r e s e t  " r e s e t "  
a l w a y s  @ ( p o s e d g e  C K )  
b e g i n :  s u m m e r
/ / s y n o p s y s r e s o u r c e R 0 o p s  = " A O D O
/ / s y n o p s y s r e s o u r c e R 1 o p s  = " A 1 D 1
/ / s y n o p s y s r e s o u r c e R 2 o p s  = " A 2 D 2
/ / s y n o p s y s r e s o u r c e R 3 o p s  = " A 3 D 3
/ / s y n o p s y s r e s o u r c e R 4 o p s  = " A 4 D 4
/ /  I f  u n d e r  r e s e t ,  z e r o  o u t  a c c u m u l a t o r s
i f (  r e s e t  )
b e g i n
c h a n n e l l o w  < =  0 ;  
c h a n n e l h i g h  < =  0 ;
e n d
e l s e
b e g i n
i f (  s i  A  s 2  ) 
b e g i n
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/ /  I f  t h e  s i g n s  o f  c h a n n e l s  1  a n d  2  a r e  d i f f e r e n t ,  s u b t r a c t  t h e m
t e m p l 2  =  o u t l  -  o u t 2 ;  / /  s y n o p s y s  l a b e l  A O
e n d
e l s e
b e g i n
/ /  E l s e ,  a d d  t h e m
t e m p l 2  =  o u t l  +  o u t 2 ;  / /  s y n o p s y s  l a b e l  D O  
e n d
i f (  s 3  ^  s 4  )  
b e g i n
/ /  I f  t h e  s i g n s  o f  c h a n n e l s  3  a n d  4  a r e  d i f f e r e n t ,  s u b t r a c t  t h e m
t e m p 3 4  =  o u t 3  -  o u t 4 ;  / /  s y n o p s y s  l a b e l  A 1
e n d
e l s e
b e g i n
/ /  E l s e ,  a d d  t h e m
t e m p 3 4  =  o u t 3  +  o u t 4 ;  / /  s y n o p s y s  l a b e l  D 1  
e n d
i f (  s i  *  s 3  )  
b e g i n
/ /  I f  t h e  s i g n s  o f  c h a n n e l s  1 & 2  a n d  3 & 4  a r e  d i f f e r e n t ,  s u b t r a c t  t h e m  
t e m p l 2 3 4  =  t e m p l 2  -  t e m p 3 4 ;  / /  s y n o p s y s  l a b e l  A 2
e n d
e l s e
b e g i n
/ /  E l s e ,  a d d  t h e m
t e m p l 2 3  4  =  t e m p l 2  +  t e m p 3 4 ;  / /  s y n o p s y s  l a b e l  D 2  
e n d
i f (  o r e a d y  = =  0  )  
b e g i n
/ /  S t i l l  p r o c e s s i n g  a  f i l t e r b a n d ,  u s e  p r e v i o u s  v a l u e s  f o r  a c c u m u l a t i o n  
t e m p i  =  c h a n n e l l o w ;  
t e m p h  =  c h a n n e l h i g h ;
e n d
e l s e
b e g i n
/ /  N e w  f i l t e r b a n d ,  a d d  z e r o  
t e m p i  =  0 ;  
t e m p h  =  0 ;
e n d
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i f (  s i  )  
b e g i n
/ /  I f  t h e  s i g n  o f  c h a n n e l  1  i s  h i g h ,  s u b t r a c t  t h e  r e s u l t  
c h a n n e l l o w  < =  t e m p i  -  t e m p l 2 3 4 ;  / /  s y n o p s y s  l a b e l  A 3
e n d
e l s e
b e g i n
/ /  E l s e ,  a d d  i t
c h a n n e l l o w  < =  t e m p i  +  t e m p l 2 3 4 ;  / /  s y n o p s y s  l a b e l  D 3  
e n d
i f (  s i  *  h i g h s i g n  )  
b e g i n
/ /  I f  t h e  s i g n  o f  c h a n n e l  1  a n d  t h e  h i g h s i g n ,  s u b t r a c t  t h e  r e s u l t  
c h a n n e l h i g h  < =  t e m p h  -  t e m p l 2 3 4 ;  / /  s y n o p s y s  l a b e l  A 4
e n d
e l s e
b e g i n
/ /  E l s e ,  a d d  i t
c h a n n e l h i g h  < =  t e m p h  +  t e m p l 2 3 4 ;  / /  s y n o p s y s  l a b e l  D 4  
e n d  
e n d  
e n d
/ /  S e t  t h e  o u t p u t s  a s  b i t s h i f t s  o f  t h e  f i n a l  a c c u m u l a t o r s
a s s i g n  o u t l o w  =  c h a n n e l l o w  > >  e x t r a b i t s ;  
a s s i g n  o u t h i g h  =  c h a n n e l h i g h  > >  e x t r a b i t s ;
e n d m o d u l e
D.2.4.2 coeftable.v
/ /  M o d u l e  f o r  c o e f f i c i e n t  R O M  
m o d u l e  c o e f t a b l e (
C K ,  
a d d r ,  
d a t a
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  a d d r b i t s  =  8 ;  
p a r a m e t e r  d a t a b i t s  =  1 8 ;
/ /  D e f i n e  p o r t s  
i n p u t  C K ;
i n p u t  [  a d d r b i t s  - 1 : 0 ]  a d d r ;
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o u t p u t  [  d a t a b i t s  - 1 : 0 ]  d a t a ;  
r e g  [  d a t a b i t s  - 1 : 0 ]  d a t a ;
/ /  S e t u p  a r r a y
r e g  [  d a t a b i t s  - 1 : 0 ]  r o m [  0  :  (  1  < <  a d d r b i t s  )  -  1  ]  ;
i n t e g e r  i ;
' i f d e f  D C
' e l s e
i n i t i a l
b e g i n
' i n c l u d e  " c o e f t a b l e _ i n c l u d e . v "  
e n d  
' e n d i f
a l w a y s  @ ( p o s e d g e  C K )  
b e g i n
' i f d e f  D C
' i n c l u d e  " c o e f t a b l e _ i n c l u d e . v "
' e n d i f
/ /  G e t  a r r a y  e n t r y  
d a t a  < =  r o m [  a d d r  ] ;
/ /  $ d i s p l a y ( " c o e f  r e a d i n g  % b  f r o m  % d  @  % d " , r o m [ a d d r ] , a d d r , $ t i m e ) ;
e n d
e n d m o d u l e
D.2.4.3 datatable.v
/ /  M o d u l e  f o r  s i m u l a t i n g  R A M  
m o d u l e  d a t a t a b l e (
C K ,  
a d d r ,  
d a t a i ,  
d a t a o ,  
o e ,  
w e
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  a d d r b i t s  =  7 ;  
p a r a m e t e r  d a t a b i t s  =  2 4 ;
/ /  D e f i n e  p o r t s
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i n p u t  C K ;
i n p u t  [  a d d r b i t s  - 1 : 0 ]  a d d r ;  
i n p u t  [  d a t a b i t s  - 1 : 0 ]  d a t a i ;  
o u t p u t  [  d a t a b i t s  - 1 : 0 ]  d a t a o ;  
r e g  [  d a t a b i t s  - 1 : 0 ]  d a t a o ;  
i n p u t  o e ;  
i n p u t  w e ;
/ /  S e t u p  a r r a y
r e g  [  d a t a b i t s  - 1 : 0 ]  r o m [  0  :  (  1  < <  a d d r b i t s  )  -  1  ] ;
r e g  [ 3 1  :  0  ]  h i g h ;
i n t e g e r  i ;
' i f d e f  D C
'  e l s e
i n i t i a l
b e g i n
f o r t  i  =  0  ;  i  <  (  1  < <  a d d r b i t s  )  ;  i  =  i  +  1  )
b e g i n
/ /  r o m [  i  ]  =  0 ;
r o m [  i  ]  =  2 4 ' b 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 ;
e n d
h i g h  =  3 1 ' b z ;  
e n d  
' e n d i f
/ /  G e t  a r r a y  e n t r y
a l w a y s  @ ( p o s e d g e  C K )  
b e g i n
' i f d e f  D C
h i g h  =  3 1 ' b z ;
' e n d i f
i f (  w e  = =  1  ) 
b e g i n
r o m [ a d d r  ] =  d a t a i ;
/ /  $ d i s p l a y (  " w r i t i n g  % b  t o  % d  @  % d " ,  d a t a i ,  a d d r ,  $ t i m e  ) ;
e n d
i f (  o e  = =  1  ) 
b e g i n
d a t a o  =  r o m [  a d d r  ] ;
/ /  $ d i s p l a y (  " r e a d i n g  % b  f r o m  % d  @  % d " ,  r o m [  a d d r  ]  ,  a d d r ,  $ t i m e  ) ;
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e n d
e l s e
b e g i n
d a t a o  =  h i g h [  d a t a b i t s  -  1  :  0  ]  ;  
e n d  
e n d
e n d m o d u l e
D.2.4.4 mdlnsmult.v
/ /  m u l t i p l y  t w o  2 d l n s  n u m b e r s  a n d  g e n e r a t e  t h e  a b s o l u t e  b i n a r y  r e p r e s e n t a t i o n  
m o d u l e  m d l n s m u l t (  
c o e f s i g n ,  
c o e f b i n ,  
c o e f t e r n ,  
d a t a s i g n ,  
d a t a b i n ,  
d a t a t e r n ,  
a b s o u t p u t ,  
s i g n o u t
)  ;
/ /  S e t u p  d e f a u l t  p a r a m e t e r s  
p a r a m e t e r  c o e f l b i t s  =  5 ;  
p a r a m e t e r  c o e f 2 b i t s  =  5 ;  
p a r a m e t e r  d a t a l b i t s  =  8  ;  
p a r a m e t e r  d a t a 2 b i t s  =  8 ;  
p a r a m e t e r  o u t p u t b i t s  =  8 ;  
p a r a m e t e r  e x t r a b i t s  =  4 ;
/ /  D e f i n e  p o r t s  
i n p u t  d a t a s i g n ;
i n p u t  [  d a t a l b i t s  - 1 : 0 ]  d a t a b i n ;
i n p u t  [  d a t a 2 b i t s  - 1 : 0 ]  d a t a t e r n ;
i n p u t  c o e f s i g n ;
i n p u t  [  c o e f l b i t s  - 1 : 0 ]  c o e f b i n ;
i n p u t  [  c o e f 2 b i t s  - 1 : 0 ]  c o e f t e r n ;
o u t p u t  [  o u t p u t b i t s  +  e x t r a b i t s  - 1 : 0 ]  a b s o u t p u t ;
o u t p u t  s  i g n o u t ;
r e g  s i g n o u t ;
/ /  D e f i n e  i n t e r c o n n e c t i o n s  
w i r e  [  d a t a l b i t s  - 1 : 0 ]  r e s u l t b i n ;  
w i r e  [  d a t a 2 b i t s  - 1 : 0 ]  r e s u l t t e r n ;  
w i r e  d u m m y ;
/ /  I n s t a n t i a t e  m u l t i p l i e r s  
b i n a r y a d d e r  
# (
c o e f l b i t s ,  
d a t a l b i t s ,
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c o e f l b i t s
)
M U L 1  (
c o e f b i n ,
d a t a b i n ,
r e s u l t b i n
) ;
t e r n a r y a d d e r
# (
c o e f 2 b i t s ,  
d a t a 2 b i t s ,  
d a t a 2 b i t s
)
M U L 2  (
c o e f t e r n ,  
d a t a t e r n ,  
r e s u l t t e r n
) ;
/ /  I n s t a n t i a t e  2 d l n s  t o  b i n a r y  c o n v e r t e r  
c o n v e r t 2 d l n s t o b i n a r y
C O N V B I N (
1 ' b O ,
r e s u l t b i n ,  
r e s u l t t e r n ,  
a b s o u t p u t ,  
d u m m y
) ;
/ /  I n s t a n t i a t e  s i g n  c o r r e c t o r
a l w a y s  @ (  c o e f s i g n  o r  d a t a s i g n  ) 
b e g i n
s i g n o u t  =  c o e f s i g n  *  d a t a s i g n ;  
e n d
e n d m o d u l e
D.2.4.5 binaryadder.v
/ /  M o d u l e  f o r  m a n a g i n g  t h e  b i n a r y  e x p o n e n t s  
m o d u l e  b i n a r y a d d e r ( 
b i n a r y l ,  
b i n a r y 2 ,  
b i n a r y o u t
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  b l b i t s  =  8 ;  
p a r a m e t e r  b 2 b i t s  =  8 ;  
p a r a m e t e r  o u t b i t s  =  8  ;
/ /  D e f i n e  p o r t s
i n p u t  [  b l b i t s  - 1 : 0 ]  b i n a r y l ;
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i n p u t  [  b 2 b i t s  - 1 : 0 ]  b i n a r y 2 ;
o u t p u t  [  o u t b i t s  - 1 : 0 ]  b i n a r y o u t ;  
r e g  [  o u t b i t s  - 1 : 0 ]  b i n a r y o u t ;
' i f d e f  D C
r e g  [  o u t b i t s  - 1 : 0 ]  a r g l ,  a r g 2 ;
a l w a y s  @ (  b i n a r y l  o r  b i n a r y 2  )  
b e g i n
/ /  E x t e n d  s i g n s  o n  e a c h  a r g u m e n t
a r g l  =  {  {  (  o u t b i t s  -  b l b i t s  )  {  b i n a r y l [  b l b i t s  -  1  ]  }  
1 : 0 ] } ;
a r g 2  =  {  {  (  o u t b i t s  -  b 2 b i t s  )  {  b i n a r y 2 [  b 2 b i t s  -  1  ]  }  
1 : 0 ] } ;
/ /  A d d  t h e m
b i n a r y o u t  =  a r g l  +  a r g 2 ;  
e n d  
' e l s e
r e g  [  o u t b i t s  :  0  ]  a r g l ,  a r g 2 ,  t e m p ;
i n t e g e r  b m a x ,  b m i n ;  
i n t e g e r  f i l e ;
i n i t i a l
b e g i n
b m a x  =  (  1  < <  (  o u t b i t s  -  1  )  )  -  1 ;  
b m i n  =  0  -  (  1  < <  (  o u t b i t s  -  1  )  ) ;
e n d
a l w a y s  @ (  b i n a r y l  o r  b i n a r y 2  ) 
b e g i n
/ /  E x t e n d  s i g n s  o n  e a c h  a r g u m e n t
a r g l  =  {  {  (  o u t b i t s  -  b l b i t s  +  1  )  {  b i n a r y l [  b l b i t s  -  
b l b i t s  - 1 : 0 ]  } ;  
a r g 2  =  {  {  (  o u t b i t s  -  b 2 b i t s  +  1  )  {  b i n a r y 2 [  b 2 b i t s  -
b 2 b i t s  - 1 : 0 ]  } ;
t e m p  =  a r g l  +  a r g 2 ;
i f (  t e m p [  o u t b i t s  ]  ! =  t e m p  [  o u t b i t s  -  1  ]  )
b e g i n
f i l e  =  $ f o p e n (  " / d e v / t t y "  ) ;
$ f d i s p l a y (  f i l e ,  " * * *  O v e r f l o w  i n  b i n a r y a d d e r :  % b  +  % b  
t o  % d . " ,  a r g l ,  a r g 2 ,  b i n a r y o u t ,  b m i n ,  b m a x  ) ;
$ f c l o s e (  f i l e  ) ;
i f (  t e m p [  o u t b i t s  ]  = =  1  )  
b e g i n
} ,  b i n a r y l [  b l b i t s  -  
} ,  b i n a r y 2 [  b 2 b i t s  -
]  }  } ,  b i n a r y l  [  
]  }  } ,  b i n a r y 2  [
=  % b ,  n o t  i n  r a n g e  % d
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t e m p  =  b m i n ;
e n d
e l s e
b e g i n
t e m p  =  b m a x ;
e n d
$ s t o p ;
e n d
b i n a r y o u t  =  t e m p t  o u t b i t s  -  1  :  0  ] ;  
e n d  
' e n d i f  
e n d m o d u l e
D.2.4.6 ternaryadder.v
/ /  M o d u l e  f o r  m a n a g i n g  t h e  t e r n a r y  o r  s e c o n d  b a s e  e x p o n e n t s  
m o d u l e  t e r n a r y a d d e r ( 
t e r n a r y l ,  
t e r n a r y 2 ,  
t e r n a r y o u t
)  ;
/ /  D e f a u l t  p a r a m e t e r s  
p a r a m e t e r  t l b i t s  =  8 ;  
p a r a m e t e r  t 2 b i t s  =  8 ;  
p a r a m e t e r  o u t b i t s  =  8 ;
/ /  D e f i n e  p o r t s
i n p u t  [  t l b i t s  - 1 : 0 ]  t e r n a r y l ;  
i n p u t  [  t 2 b i t s  - 1 : 0 ]  t e r n a r y 2 ;
o u t p u t  [  o u t b i t s  - 1 : 0 ]  t e r n a r y o u t ;  
r e g  [  o u t b i t s  - 1 : 0 ]  t e r n a r y o u t ;
p a r a m e t e r  z e r o l  =  1  < <  (  t l b i t s  -  1  ) ;
p a r a m e t e r  z e r o 2  =  1  < <  (  t 2 b i t s  -  1  )  ;
p a r a m e t e r  z e r o o  =  1  < <  (  o u t b i t s  -  1  ) ;
' i f d e f  D C
r e g  [  o u t b i t s  - 1 : 0 ]  a r g l ,  a r g 2 ,  t e m p ;
a l w a y s  @ (  t e r n a r y l  o r  t e r n a r y 2  )  
b e g i n
/ /  E x t e n d  s i g n s  o n  e a c h  a r g u m e n t
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a r g l  =  {  {  (  o u t b i t s  -  t l b i t s  )  {  t e r n a r y l  [  t l b i t s  -  1  ]  }  } ,  t e r n a r y l  [  t l b i t s  
- 1 : 0 ]  } ;
a r g 2  =  {  {  (  o u t b i t s  -  t 2 b i t s  )  {  t e r n a r y 2  [  t 2 b i t s  -  1  ]  }  } ,  t e r n a r y 2  [  t 2 b i t s  
- 1 : 0 ]  }  ;
t e m p  =  a r g l  +  a r g 2 ;
i f (  t e r n a r y l  = =  z e r o l  | |  t e r n a r y 2  = =  z e r o 2  )  
b e g i n
t e m p  =  z e r o o ;
e n d
t e r n a r y o u t  =  t e m p [  o u t b i t s  -  1  :  0  ]  ;  
e n d  
'  e l s e
r e g  [  o u t b i t s  : 0  ]  a r g l ,  a r g 2 ,  t e m p ;
i n t e g e r  t m a x ,  t m i n ;  
i n t e g e r  f i l e ;
i n i t i a l
b e g i n
t m a x  =  (  1  < <  (  o u t b i t s  -  1  )  )  -  1 ;
t m i n  =  0  -  (  1  < <  (  o u t b i t s  -  1  )  )  ;
e n d
a l w a y s  @ (  t e r n a r y l  o r  t e r n a r y 2  )  
b e g i n
/ /  E x t e n d  s i g n s  o n  e a c h  a r g u m e n t
a r g l  =  {  {  (  o u t b i t s  -  t l b i t s  +  1  )  {  t e r n a r y l [  t l b i t s  -  1  ]  }  } ,  t e r n a r y l [
t l b i t s  - 1 : 0 ] } ;
a r g 2  =  {  {  (  o u t b i t s  -  t 2 b i t s  +  1  )  {  t e r n a r y 2 [  t 2 b i t s  -  1  ]  }  } ,  t e r n a r y 2 [
t 2 b i t s  - 1 : 0 ]  } ;
t e m p  =  a r g l  +  a r g 2 ;
i f (  t e r n a r y l  = =  z e r o l  | |  t e r n a r y 2  = =  z e r o 2  )  
b e g i n
t e m p  =  z e r o o ;
e n d
e l s e
b e g i n
i f (  t e m p [  o u t b i t s  ]  ! =  t e m p [  o u t b i t s  -  1  ]  )
b e g i n
f i l e  =  $ f o p e n (  " / d e v / t t y "  ) ;
$ f d i s p l a y (  f i l e ,  " * **  O v e r f l o w  i n  t e r n a r y a d d e r : % b  +  % b  =  % b ,  n o t  i n  r a n g e  
% d  t o  % d . " ,  a r g l ,  a r g 2 ,  t e r n a r y o u t ,  t m i n ,  t m a x  ) ;
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$ f c l o s e (  f i l e  ) ;
i f (  t e m p [  o u t b i t s  ]  = =  1  )  
b e g i n
t e m p  =  t m i n ;
e n d
e l s e
b e g i n
t e m p  =  t m a x ;
e n d
/ /  $ f i n i s h ;  
e n d  
e n d
t e r n a r y o u t  =  t e m p [  o u t b i t s  -  1  :  0  ]  ;  
e n d  
' e n d i f  
e n d m o d u l e
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D.3 Results
Once the simulation has completed, the results need to be reviewed to verify the proper 
operation of the filterbank. A series of command pipes are used to process the ASCII 
output of the filterbank testbench.
c a t  s i m u l a t i o n o u t p u t  | c u t  - f 2 -  | n a w k  - f  t o d e c i m a l . n a w k  | 
n a w k  - f  e x t r a c t r e s u l t s . n a w k
Firstly, the leading “+” marker is removed using “c u t ” . Next the binary data is converted 
into decimal with a simple NAWK program, “t o d e c i m a l  .n aw k ”. Lastly another 
NAWK program, “e x t r a c t r e s u l t s  .n aw k ” splits each line o f the output into 
separate files so that they can be easily imported into any application.
To remain consistent, a MATLAB program was written to display the filterbank results. 
This program requires the original input signal. These are obtained from the testbench 
input vectors where they are converted to decimal and stored in “ i n p u t . d e c ”.
rm - f  i n p u t . d e c
c a t  i n p u t . l u t  | n a w k  - f  t o d e c i m a l . n aw k  > i n p u t . d e c
The MATLAB, “s h o w r e s u i t s  .m”, program is then executed where it generates the 
following graphs:
Improved MDLNS Filterbank Design Results
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
765
University o f  W indsor
x 10 Chirp Input
« t a i
g g B a W H i B W w C T i ' ~ i i a ‘"
M P P J a r a L J I
>  M N M
\ M : x  Im m m  
r l ^ E J T v S S n B H L
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Time (s)
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x 10 Filterbank Output (1 & 8) for Chirp Input
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x 10 Filterbank Output (2 & 7) for Chirp Input




& 6) for Chirp Input
t-------------------]-------------------r~
im
).1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time (s)
Improved MDLNS Filterbank Design Results
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
767
University o f  Windsor
x 10 Filterbank Output (4 & 5) for Chirp Input
------------ ... .......... .......-f..... - ...............  .......... I..................... .
- i l l l k . ■ ill......
' ................... ................... 1
f
■ B V f






g )  u  
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Difference between input and Output Signals
. g Q  I________________ i________________ i________________ i________________ i________________ i________________i________________ i________________ i________________ i________________ I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Time (s)
The above graphs show that the filterbank operates properly. The last graph shows the 
difference between the input chirp and the total outputs. The accuracy can be improved by 
increasing the “extra precision” bits.
D.3.1 Extraction Code
D.3.1.1 extractresults.naw k
B E G I N \
{ \
s y s t e m (  " r m  - f  f i l t e r b a n d * "  ) ; \
} \
{ \
n a m e  =  " f i l t e r b a n d ' ' $ l " "  ; \  
p r i n t  $ 2  > >  n a m e ; \
}
D.3.1.2 todecimal.nawk
#  G e n e r a t e  a n  a s c i i  o u t p u t  b a s e d  o n  a  s i g n e d  ( u n l e s s  U  i s  s e t )  b i n a r y  i n p u t  ( p e r  
l i n e )
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for( y  = 1 ; y  < =  N F  ; y  =  y  + 1 ) 
{
z  =  $ y ;
a  = length( z ) ; 
x = 0; 
b = 1;
for( i = 1 ; i <= a ;  i++ )
{
x  = x  * 2  + substr( z ,  i, 1 ); 
b = b * 2;
}
if ( ! U  )
{
if( x  >= ( b / 2  ) )
{








%  C l o s e  a l l  f i g u r e s  
%  T h i s  p r o g r a m  w i l l  g e n e r a t e  m a n y
c l o s e  a l l ­
e l e ;
%  S e t  P r i n t i n g  A r e a
x x  =  6 . 0 ;  
y y  =  3 . 7 5 ;
p a  =  [  (  8 . 5  -  x x  )  /  2 ,  ( 1 1 - y y )  / 2 ,  x x ,  y y  ] ;
%  S e t  s a m p l y i n g  f r e q u e n c y
F S  =  1 6 0 0 0 ;
F S 2 =  1 6 0 0 0  /  2 ;
%  S e t  A m p l i t u d e
A M P  =  3 2 7 6 8 ;
A M P 2  =  A M P  *  1 . 1 ;
%  L o a d  i n  i n p u t  v e c t o r
l o a d  i n p u t . d e c
%  L o a d  i n  a l l  r e s u l t s
l o a d  f i l t e r b a n d O  
l o a d  f i l t e r b a n d l
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l o a d  f i l t e r b a n d 2  
l o a d  f i l t e r b a n d 3  
l o a d  f i l t e r b a n d 4  
l o a d  f i l t e r b a n d 5  
l o a d  f i l t e r b a n d 6  
l o a d  f i l t e r b a n d 7
%  T u r n  o f f  a n n o y i n g  c o l o n  w a r n i n g
w a r n i n g  o f f  M A T L A B : c o l o n : o p e r a n d s N o t R e a l S c a l a r
%  C a l c u l a t e  x  a x i s  f o r  o u t p u t s
t  =  0  :  1  /  F S  :  l e n g t h (  f i l t e r b a n d o  )  /  F S  -  1  /  F S ;
%  C a l c u l a t e  x  a x i s  f o r  t h e  i n p u t
t i  =  0  :  1  /  F S  :  l e n g t h (  i n p u t  )  /  F S  -  1  /  F S  ;
%  C a l c u l a t e  t h e  a x e s  f o r  t h e  o u t p u t
A M A X  =  l e n g t h (  f i l t e r b a n d o  )  /  F S  -  1  /  F S ;
%  C a l c u l a t e  t h e  a x e s  f o r  t h e  i n p u t  
A M A X I  =  l e n g t h (  i n p u t  )  /  F S  -  1  /  F S ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  P l o t  t h e  i n p u t  c h i r p  
p l o t (  t i ,  i n p u t ,  ' g '  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  A M A X I  - A M P 2  A M P 2  ]  ) ;
t i t l e (  ' C h i r p  I n p u t '  ) ;  
y l a b e l (  ' S i g n a l  ( 1 6 - B i t ) '  ) ;
x l a b e l (  ' T i m e  ( s ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
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p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' I n p u t . a i '  ) ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  P l o t  f i l t e r b a n d  1  &  8
p l o t (  t ,  f i l t e r b a n d o  +  f i l t e r b a n d 7 ,  ' y '  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  A M A X  - A M P 2  A M P 2  ]  ) ;
t i t l e  ( ’ F i l t e r b a n k  O u t p u t  ( 1  &  8 )  f o r  C h i r p  I n p u t '  ) ;  
y l a b e l (  ' O u t p u t  S i g n a l  ( 1 6 - B i t ) '  )  ;  
x l a b e l (  ' T i m e  ( s ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O u t p u t l 8 . a i '  )  ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  P l o t  f i l t e r b a n d  2  &  7
p l o t (  t ,  f i l t e r b a n d l  +  f i l t e r b a n d 6 ,  ' m '  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  A M A X  - A M P 2  A M P 2  ]  ) ;
t i t l e (  ' F i l t e r b a n k  O u t p u t  ( 2  &  7 )  f o r  C h i r p  I n p u t '  ) ;  
y l a b e l (  ' O u t p u t  S i g n a l  ( 1 6 - B i t ) '  ) ;
x l a b e l (  ' T i m e  ( s ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g
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g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O u t p u t 2 7 . a i '  ) ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  P l o t  f i l t e r b a n d  3  &  6
p l o t ( t ,  f i l t e r b a n d 2  +  f i l t e r b a n d S ,  ' c '  ) ;
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  A M A X  - A M P 2  A M P 2  ]  ) ;
t i t l e (  ' F i l t e r b a n k  O u t p u t  ( 3  &  6 )  f o r  C h i r p  I n p u t '  ) ;  
y l a b e l  ( ' O u t p u t  S i g n a l  ( 1 6 - B i t ) '  ) ;  
x l a b e l (  ' T i m e  ( s ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O u t p u t 3 6 . a i '  ) ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  E n a b l e  m u l t i p l e  p l o t s  
h o l d  o n
%  P l o t  f i l t e r b a n d  4  &  5
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p l o t ( t ,  f i l t e r b a n d 3 ,  ' r '  ) ;  
p l o t (  t ,  f i l t e r b a n d 4 ,  ' g '  ) ;
%  D i s a b l e  m u l t i p l e  p l o t s
h o l d  o f f
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  A M A X  - A M P 2  A M P 2  ]  ) ;
t i t l e (  ' F i l t e r b a n k  O u t p u t  ( 4  &  5 )  f o r  C h i r p  I n p u t '  ) ;  
y l a b e l (  ' O u t p u t  S i g n a l  ( 1 6 - B i t ) '  ) ;  
x l a b e l  (  ' T i m e  ( s ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O u t p u t 4 5 . a i '  ) ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  E n a b l e  m u l t i p l e  p l o t s  
h o l d  o n
%  P l o t  a l l  F i l t e r b a n d s
p l o t (  t ,  f i l t e r b a n d o ,  ' y '  ) ;  
p l o t (  t ,  f i l t e r b a n d l ,  ' m '  ) ;  
p l o t (  t ,  f i l t e r b a n d 2 ,  ' c '  ) ;  
p l o t (  t ,  f i l t e r b a n d 3 ,  ' r '  ) ;  
p l o t (  t ,  f i l t e r b a n d 4 ,  ' g '  ) ;  
p l o t (  t ,  f i l t e r b a n d s ,  ' c '  ) ;  
p l o t  (  t ,  f i l t e r b a n d 6 ,  ' m '  ) ;  
p l o t (  t ,  f i l t e r b a n d 7 ,  ' y '  ) ;
%  D i s a b l e  m u l t i p l e  p l o t s
h o l d  o f f
%  S e t  t h e  a x e s  a n d  l a b e l  t h e  f i g u r e  
a x i s (  [  0  A M A X  - A M P 2  A M P 2  ]  ) ;
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t i t l e  (  ' T o t a l  F i l t e r b a n k  O u t p u t  f o r  C h i r p  I n p u t '  ) ;  
y l a b e l (  ' O u t p u t  S i g n a l  ( 1 6 - B i t ) '  ) ;  
x l a b e l (  ' T i m e  ( s ) ' ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' O u t p u t A l l . a i '  ) ;
%  M a k e  a  n e w  f i g u r e  
f i g u r e
%  S e t  p a g e  s i z e
s e t (  g c f ,  ' P a p e r P o s i t i o n ' ,  p a  ) ;
%  F i n d  t h e  t o t a l  o u t p u t
t o t a l =  f i l t e r b a n d o  +  f i l t e r b a n d l  +  f i l t e r b a n d 2  +  f i l t e r b a n d 3  +  f i l t e r b a n d 4  +  
f i l t e r b a n d s  +  f i l t e r b a n d 6  +  f i l t e r b a n d 7 ;
%  C r o s s  C o r r e l a t e  t o  f i n d  w h e r e  t h e  i n p u t  a n d  o u t p u t  o v e r l a p
x  =  x c o r r (  i n p u t ,  t o t a l  ) ;
%  F i n d  t h e  m a x i m u m  p o i n t  t o  d e t e r m i n e  t h e  o f f s e t  
o f f s e t  =  l e n g t h (  t o t a l  )  -  f i n d (  x  = =  m a x (  a b s (  x  )  )  ) ;
%  P l o t  t h e  d i f f e r e n c e  b e t w e e n  t h e  i n p u t  a n d  o u t p u t
p l o t  (  t i ,  i n p u t  -  t o t a l (  o f f s e t  +  1  :  l e n g t h (  i n p u t  )  +  o f f s e t  ) ,  ' g '  )
t i t l e (  ' D i f f e r e n c e  b e t w e e n  I n p u t  a n d  O u t p u t  S i g n a l s '  ) ;
y l a b e l (  ' S i g n a l  D i f f e r e n c e  ( 1 6 - B i t ) '  ) ;
x l a b e l (  ' T i m e  ( s ) '  ) ;
%  T u r n  o n  t h e  g r i d  a n d  z o o m i n g  
g r i d  o n ;  
z o o m  o n ;  
b o x  o n ;
%  P r i n t  i t  t o  a  f i l e
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p r i n t (  g c f ,  ' - d i l l ' ,  ' - r 6 0 0 ' ,  ' D i f f e r e n c e . a i '  ) ;
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D.4 Complete Command Process
The following is a complete review of all the commands executed to produce the 
coefficients, filterbank support files and results.
#  G e n e r a t e  i n p u t  v e c t o r s  
r m  - f  i n p u t . l u t
i n p u t  1 6  1 6 0 0 0  3 2 7 6 7  - 1  - 8 0 0 0  >  i n p u t . l u t
#  G e n e r a t e  O p t i m a l  B a s e  f r o m  d a t a  v a l u e s  
o p t b a s e  1 3  3 2 7 6 8  3 2  7 6  8 - 1 3 m n 2 u n z . o u t  - r a n  2  - n z
#  E x e c u t e  M A T L A B  f i l t e r b a n k . m  c o d e
#  T h i s  c o d e  g e n e r a t e s  t h e  f i l t e r b a n k  c o e f f i c i e n t s
#  M a p  t h e  c o e f f i c i e n t s  t o  t h e  o p t i m a l  b a s e
a n y b a s e  4  c o e f s . i n  3 2 7 6 8 - 1 3 m n 2 u n z . o u t  c o e f s . o u t  - m b  2  1 0  - n z
#  M o v e  t h e  c o e f f i c i e n t s  i n t o  a  V e r i l o g  f o r m a t  
m a k e c o e f s . s h  c o e f s . o u t . t x t  c o e f t a b l e _ i n c l u d e . v  8  - n z
#  G e n e r a t e  a  B i n a r y  t o  M D L N S  c o n v e r t e r  
r m  - f  s e r i a l 2 d i g i t h i g h l o w . v
m a k e s e r i a l 2 d i g i t h i g h l o w . s h  3 2 7 6 8 - 1 3 m n 2 u n z . o u t  1 6  6  5  3  2  1  - n z  >  
s e r i a l 2 d i g i t h i g h l o w . v
#  G e n e r a t e  a  M D L N S  t o  B i n a r y  c o n v e r t e r  
r m  - f  c o n v e r t 2 d l n s t o b i n a r y . v
m a k e c o n v e r t 2 d l n s t o b i n a r y . s h  3 2  7 6  8 - 1 3 m n 2 u n z . o u t  1 6  6  5  2  - n z  - s  >  
c o n v e r t 2 d l n s t o b i n a r y . v
#  R u n  t h e  s i m u l a t i o n  
r m  - f  s i m u l a t i o n o u t p u t
v e r i l o g  - y  .  + l i b e x t + . v  t e s t . v  | g r e p  - v  " x "  | g r e p  " ^ \ + "  >  s i m u l a t i o n o u t p u t
#  P r o c e s s  t h e  r e s u l t s
c a t  s i m u l a t i o n o u t p u t  |  c u t  - f 2 -  | n a w k  - f  t o d e c i m a l . n a w k  | n a w k  - f
e x t r a c t r e s u l t s . n a w k
#  G e n e r a t e  a  d e c i m a l  v e r s i o n  o f  t h e  i n p u t  v e c t o r s  
r m  - f  i n p u t . d e c
c a t  i n p u t . l u t  | n a w k  - f  t o d e c i m a l . n a w k  >  i n p u t . d e c
#  E x e c u t e  M A T L A B  s h o w r e s u l t s . m  c o d e
#  T h i s  c o d e  s h o w s  t h e  f i l t e r b a n k  r e s u l t s
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